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INTRODUCTION 
Soil development is dependent upon the interaction of 
climate, vegetation, topography, parent material, and time. 
Ideally studies in the genesis of soils are conducted in areas 
where the factors of soil formation are either constant or 
mes sureable. As time is one of the more difficult soil form­
ing factors to evaluate, studies are needed in soil landscapes 
where time is the major soil forming variable. Such soil 
landscapes are, however, quite difficult to find, and because 
of their scarcity, the effect of time as a soil forming factor 
is not well understood. When soil landscapes are found where 
time is the major variable, detailed studies of those soils 
are warranted. Such a soil landscape is available in north­
eastern Iowa where Indian mounds now exhibit soils that are 
well known but are of quite recent chronology. Thus, these 
newer soils can be compared to adjacent soils of similar 
origin but whose time of formation has been longer. This kind 
of study and comparison can lead to a better understanding of 
the time factor in soil formation. 
The purpose of the present study was to evaluate the 
degree of horizon development, as determined by soil mor­
phology and laboratory studies, in parent materials of known 
age. Mound ages used are those based on archeological inter­
pretations of the culture of the prehistoric mound-building 
people. Seven Indian mounds were excavated during the course 
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of this study at Effigy Mounds National Monument and vicinity. 
Two soil profiles of the adjacent landscape were also examined, 
samples collected, and analysed. 
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HISTORICAL 
Studies of Time as a Soil Forming Factor 
According to Nikiforoff (36), Dokuchaev established more 
than fifty years ago that a soil is a result of climate, vege­
tation, parent material and time or age. Relief was later 
added as a fifth soil forming factor. Jenny (20) states that 
a soil = f (time) cl, o, r, p. This equation indicates that 
the magnitude of any soil property as a dependent variable is 
related to time, while the independent variables of climate, 
organisms, relief and parent material are held constant, 
de Sigmond (46) states that soils attain a comparable degree 
of development only if they are of the same age and that evo­
lutional changes of soils occur with changes in the environ­
ment. Soils now existing represent a current stage of a con­
tinuous process of their development and may have had a dif­
ferent character In the past (36). The character of the soil 
at any given time is determined by the dominant soil forming 
process. Joffe (22) expresses the concept that growth stages 
of a soil are indicated through horizon differentiation or 
profile development. The interaction of the soil forming 
factors may result in additive and accumulative effects until 
the equilibrium state is achieved (22). At this point, pro­
file features remain constant as long as climate is the same. 
These prevailing features are then recognized as "normal" for 
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the climatic zone. However, Jenny (20) feels that most soils 
of humid regions sre not "mature" or "normal", since they are 
not in final equilibrium with environment. Water still per­
colates and transports, dissolves, precipitates, and floccu­
lates substances. Soils may be in equilibrium with environ­
ment without having marked profile features or soils may be 
well-developed without being In equilibrium. Simonson (48) 
considers that soil development consists of two overlapping 
steps - the accumulation of parent material and the differ­
entiation of horizons in the profile. 
According to Joffe (22), soil formation is intimately 
related to the time factor. Dokuchaev formulated the relation 
of soil formation to time in terms of soil age. This age is 
measured from the moment the parent material has emerged, 
either from under water, glacier, or some other condition, to 
be subjected to the other factors of soil formation (22). A 
concept such as this would be equivalent to Jenny's idea that 
a parent material represents the soil at time zero. Niki­
foroff (36) considers that a parent material is unmodified by 
any process. Hence, oxidation and leaching would exclude a 
material from the status of a "parent material". 
Both de Sigmond (46) and Joffe (22) consider that the 
time factor in soil formation should mean the stage of devel­
opment as indicated by horizon differentiation rather than sn 
absolute period expressed in years. Thus, a soil may be old 
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in terms of years and yet show little horizon differentiation 
and therefore be a young soil. However, this viewpoint is not 
valid as some soils may exhibit a high degree of horizonation 
as a result of a long period of weathering and vice versa. 
Time as a soil forming factor should be expressed in terms of 
years or in terms of chronological age of the soil, rather 
than solely on the basis of horizon differentiation. The time 
factor should be expressed as the period elapsed since the 
parent material has been subjected to weathering rather than 
the period since geologic deposition of the parent material. 
Because of the uncertainty and great length of time which 
has elapsed since most soils began to form, it is quite diffi­
cult to accurately evaluate time as a soil forming factor. 
Byers (8) has stated that certain acid soils of humid regions 
form in a relatively short time on acid materials containing 
an abundance of quartz sand and a dense covering of forest 
growth. Under these conditions, perhaps "100 to 200 years 
might be sufficient" especially under a cool and very humid 
climate (8). 
Chandler (9), in an evaluation of time as a soil forming 
factor, studied the soil profiles developed on the Mendenhall 
glacial deposits near Juneau, Alaska. The age of trees and 
markers left on the deposits as the glacier retreated gave a 
reliable estimate of soil age. Soils developed in 15, 90, 
250, and 1000 years were studied. The age of 1000 years was 
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estimated from fallen logs in a humus layer which indicated 
two to four generations of trees which mature in 250 to 500 
years. Chandler found that the silt and clay contents of the 
profiles increase with time at all depths. Organic matter 
contents also increased with time, while exchangeable bases 
remained low. But, as the cation exchange capacity increased, 
the percent base saturation markedly decreased. Chandler con­
cluded that Podzol profile formation is slight at the end of 
250 years and requires at least 500 and more likely, 1000 
years for establishment of an equilibrium condition between 
environment and soil profile development. On moraines esti­
mated to be 1000 years of age, a true Podzol profile with an 
ashy gray A^ horizon and a dark brown B horizon had formed 
(9). 
According to Joffe (22), Dokuchaev made a study of the 
ruins of the Storo-Ladoga fortress in 1880. The fortress was 
built in 1116 A.D. of Silurian limestone slabs and granitic 
boulders. At the time of examination, the soil age was 870 
years and presented a "brownish gray, sod-covered soil", 10 to 
12 centimeters deep. Akimtzev (l) investigated the soils 
formed on the top of the walls of the Kamenetz fortress in the 
Ukraine, U.S.S.R. This fortress was constructed of calcareous 
slabs in 1362 and remained in use until 1699 A.D. In 230 
years, 30 centimeters of soil had formed which had chemical 
and physical properties very similar to the soils nearby which 
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were derived from Silurian limestone. Both of these soils 
were of the humus-carbonate (Rendzina) type (l). In each of 
these studies, soil differences attributed to differences in 
age, could have resulted from differences in parent materials. 
That is, the soils developed on the fortress walls may have 
been influenced by eolian deposits or may have contained frag­
ments of mortar used to cement the blocks within the fortress 
walls. 
Joffe (22) reports that Ruprecht observed the formation 
of Chernozem soils on Tartar mounds in the European steppe 
region of Russia. At the time of examination, the mound soil 
was 600 years old and was 15 to 28 centimeters deep. The 
Chernozem profile in the adjacent area was 60 to 150 cm. deep. 
Therefore, assuming that development of the normal profile had 
progressed at the same rate as that of the mound profile, the 
Chernozem profile was 2400 to 4000 years old at the time of 
investigation (22). However, this conclusion appears to be 
unjustified since probably differences in parent materials were 
also involved - time or age was not the only variable in the 
comparison. 
Tamm as cited by Jenny (20) reported perceptible pod-
zolization occurring within 100 years in soils developed in 
alluvial sand terraces in Sweden. Tamm estimated as a result 
of this study that a Podzol with four inches of raw humus, 
four Inches of Ag horizon, and 10 to 20 inches of B horizon 
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requires 1000 to 1500 years to develop. Soils 3000 to 7000 
years of age did not exhibit horizons of greater magnitudes. 
Tamm concluded that soil profile formation had come to a. 
standstill, or had reached an equilibrium with the environ­
ment . 
Crocker and Dickson (13) found an appreciable accumula­
tion of organic matter in soils being formed from recent 
glacial deposits within a matter of decades at Glacier Bay, 
Alaska. The soil acidity was reduced from pH 8.0 to pH 5.0 
within a period of 35 to 50 years end within the same time 
period, the calcium carbonate content of the soil decreased 
from 5 percent to negligible quantities. Bulk density values 
decreased from 1.5 at 10 years to 0.7 within 180 years. 
Crocker and Dickson (13) reported that there had been no 
discernible texture! differentiation in the profiles studied. 
Simonson (48) noted a pronounced darkened A^ horizon 
approximately 6 inches thick in a soil developed on a borrow 
pit -used in the construction of a railroad in North Dakota 
about 50 years ago, Several writers (13, 31, 47) have conclud­
ed that A^ horizons form quite rapidly and that gains in or­
ganic matter content of soils seem to exceed organic matter 
losses for a time after horizon differentiation begins. The 
organic matter content in a soil then stabilizes and remains 
fairly constant over time even though additions continue. 
Daniels (14) studied soil profiles in western Iowa which 
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were developed on Recent slopes 6,800 + 300 years of age as 
contrasted to relatively stable divide positions dated at 
14,000 to 16,000 years which corresponds tc the Tazewell 
period of the Wisconsin glacial age. Dissection of the loess 
landscape had not only produced differences in the time of 
weathering, but had exposed parent materials which differed 
In color and carbonate content. However, the differences In 
carbonate content of the parent material had little Influence 
on the base saturation of the Monona soil profiles. Daniels 
(14) found that the Marshall profile developed on the Tazewell 
surface had a lower base saturation and a higher clay content 
in the solum than profiles developed on the Recent surface 
and concluded that the particle size distribution, base satu­
ration, and free Iron contents of the soils were related to 
the age of the surface and the chemical properties of the 
loess zone from which the profile had developed. 
According to McComb and Loomis (34), Indian mounds on 
forested divides near the Des Moines River in Boone County, 
Iowa showed no visible evidence of Ag horizon development or 
accumulation of clay to form a B horizon within an estimated 
time period of 1,000 to 5,000 years. From this evidence, 
McComb and Loomis (34) concluded that at least 1,000 to 2,000 
years are required to produce detectable soil changes under 
forest in Iowa. 
Simonson (47) made a comparison between the loess-derived 
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Monona soil profile and alluvium-derived soils in western Iowa 
as a basis for evaluating soil formation over time. Soil 
forming processes expressed in the alluvium-derived soils In 
a period of less than 1,800 years included the formation of 
a genetic horizon, a reorganization of free iron related 
to natural drainage, leaching and the development of acidity, 
and structure formation (47). Simonson (47) concluded that 
time is a less critical factor in the genesis of alluvium-
derived soils than previously considered. 
Li (31) studied the rate of soil development as indicated 
by horizon differentiation in Indian mounds in Illinois. 
These mounds were about 1,800 years of age as determined by 
archaeological methods and were constructed from calcareous 
loess deposits from the adjacent landscape. Li found no 
appreciable textural development in either of the two mounds 
studied and concluded that the mound soils were in a youthful 
stage of development. Horizon differentiation was largely 
11 id.ted to an outstanding development of the horizon in the 
mound profiles. 
Leighton (29, p. 67) In 1930 suggested that 
. . .  a  c o m p a r i s o n  s h o u l d  b e  m a d e  o f  s o i l  p r o f i l e s  
which pass over the mounds, the depth to which they 
have been developed, and the amount of secondary 
mineral substances which have been formed .... 
The mounds which have the deeper weathering, other 
things being equal are older .... 
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Genetic and Morphologic Concepts 
The zonal upland loess-derived soils within the Effigy 
Mounds National Monument in northeastern Iowa have been mapped 
as Fayette and Dubuque silt loams (42). These soils represent 
the interaction product of the active soil forming factors of 
forest vegetation and climate for this area and are classified 
as Gray Brown Podzolic soils. Fayette soils commonly occur on 
slopes of 3 to 15 percent (49). As the Indian mound soils 
occur in the same general environment as the Fayette soils, 
the most probable classification of the mound soils should be 
considered. In order to do this, several concepts of various 
great soil groups, evidences of horizon differentiation, and 
various genetic processes need to be discussed. 
Numerous authors have reported on morphological charac­
teristics and chemical and physical properties of Gray Brown 
Podzolic soils (11, 16, 35, 53, 60). Gray Brown Podzolic 
soils are defined in Soils and Men (57, p. 1168): 
. . .  a  z o n a l  g r o u p  o f  s o i l s  h a v i n g  c o m p a r a t i v e l y  
thin organic covering and organic-mineral layer» 
over a grayish-brown leached layer which rests 
upon an illuvial brown horizon ; developed under 
deciduous forest in a temperate moist climate. 
Stobbe (53) reports that Gray Brown Podzolic soils in 
eastern Canada have friable, grayish brown horizons which 
are 3 to 4 inches thick; gray, pale brown, or yellowish brown 
Ag horizons ; and Bg horizons which are a textursl class 
greater than the Ag. The Bg horizon is generally coated with 
12 
thin, waxy colloidal films. Shrader (45) indicates that 
forest-derived soils seem to have low and constant clay con­
tents in the A horizon regardless of the clay content of the 
subsoil. Frei and Cline (16) and Stobbe (53) report gray 
streaks extending from the Ag horizon into the horizon of 
Gray Brown Podzolic soils. These coatings, consisting mainly 
of silt and sand size particles, seem to be interwoven within 
the brown aggregates of the B^. This morphological character­
istic seems to suggest disintegration of the B^ and downward 
generation of the Ag horizon. White (60) also reports that 
A horizons develop in Gray Brown Podzolic soils by the deg­
radation of the upper B horizon. 
Cline (ll) states that materials high in divalent bases 
are necessary for the genesis of Gray Brown Podzolic soils. 
That a relatively high base status is prerequisite to Gray 
Brown Podzolic soils is evidenced by the absence of this pro­
file type on parent materials having pH values near 5.0. 
According to Frei and Cline (16), the outstanding char­
acteristic of Gray Brown Podzolic soils is the textural pro­
file. Cline (ll) indicates the textural differentiation may 
be.developed as a result of continuing base loss, despite 
nutrient cycling, with resultant translocation of clays as 
sols in water percolating from the A to the B horizon. The 
clays would then be precipitated In the lower part of the 
profile where calcareous material would be encountered. Addi-
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tlonal Increments of clay may be removed from water suspension 
either by the evaporation of water or by a filtering action as 
turbid water moves into dry ped Interiors (55). 
Clay tends to accumulate by mechanical filtering, as the 
pore sizes become restricted and, as Indicated by Jenny and 
Smith (21), the horizon of maximum colloid accumulation moves 
upward. Frei and Cline (16) indicate that most clays in the 
B horizons of Gray Brown Podzolic soils are illuviated rather 
than residual clays. Residual clays would be uniformly dis­
tributed, while the clay particles In question are concen­
trated as coatings on aggregate surfaces. According to Jenny 
and Smith (21), clay particles migrate as a whole rather than 
In the form of collodial silica, alumina, and ferric oxide 
with subsequent reconstitution. 
The study of thin sections with polarized light has given 
considerable support to concepts concerning the genesis of 
textural B horizons. Several authors (6, 7, 55) have used 
the pétrographie microscope to detect clay llluvlatlon. Buol 
and Hole (7) found that clayskins (Tonhautchen) were thicker 
and more numerous In the Bg horizon than the Bg horizon of the 
Ockley series, a Gray Brown Podzolic soil of southern Wiscon­
sin. Bourbeau and Berger (6) state that "the study of thin 
sections of soils is important because it gives a two dimen­
sional insight into the microscopic morphology, mineralogy of 
the soil". 
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Thorp and Cady (55) report the use of thin sections for 
evidence of mineral weathering and clay translocation and re-
deposition. Thin sections show the peds of the Bgg horizon of 
Miami soils to be covered with shiny coatings which also fill 
cavities and line root holes. 
The Sol Brun Acide great soil group is somewhat similar 
morphologically to Gray Brown Podzolic soils, but lack the 
pronounced textural profile common to the latter. Sol Brun 
Acides are characterized by thin A^ horizons, a paler Ag or 
Ag-like horizon which Is poorly differentiated from the Bg, 
and a Bg with uniform color and texture with a weak subangular 
blocky structure (3). Silicate clay accumulation is not evi­
dent or appears only in traces as "clay flow" present as dis­
continuous deposits in pores and on ped exteriors (3). These 
soils commonly have 12 to 18 percent clay in the B horizon. 
The Bg horizon usually has the same clay percent as the Ag, or 
one to two percent more. The Ag horizon has a weak fine platy 
structure which may not be evident when the soil Is moist. 
Sol Brun Acides exhibit the strongest morphologic expression 
where oaks are the major forest component. These soils are 
developed in areas having 35 to 45 inches of precipitation and 
a frost-free period of 125 to 175 days (3). Sol Brun Acides 
are considered by Baur and Lyford (3) to be intermediate be­
tween the Brown Podzolic and Gray Brown Podzolic great soil 
groups, and, with increased textural differentiation, would be 
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classified as Gray Brown Podzolic. 
Pewe (38) indicates that a thin, ashy gray to whitish 
silt layer is characteristic of the Ag horizon of podzolized 
soils and is indicative of a considerable period of stability 
in the soil forming factors. Norton and Bray (37) report that 
early in the soil forming process, the A^ horizons of Illinois 
soils attain a pH of 5.7 and suggest that this pH seems to 
represent a position of equilibrium between base accumulation 
from organic matter decay and base loss by leaching. Jenny 
(20) reports abrupt changes in organic matter with depth are 
consistently associated with forest vegetation. In a somewhat 
similar statement, Norton and Bray (37) indicate that changes 
made in a soil material as a result of the forces of weather­
ing are more pronounced in the surface horizons and decrease 
with depth. 
Observed differences in the amount of organic matter, 
amount and distribution of clay, and the chemical composition 
of genetic horizons in Gray Brown Podzolic profiles would also 
approximate the course of expected changes in soils with time 
(33). Jenny (20) reports that, in contrast to field morpho­
logical examination, chemical and physical laboratory analyses 
often are able to detect eluvial and llluvial soil horizons at 
an earlier date. That Is, horizon differentiation in a soil 
genesis study may be detected in a soil more readily by means 
of laboratory analyses than by evidences observed In the field 
unless the particular property measured, such as the organic 
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matter content, has a pronounced morphologic expression. 
Joffe (23) uses a low content of alkaline earth bases in 
the Ag horizon in a soil with a relatively higher base content 
in the C horizon as criteria indicative of zonal forest-
derived soils. The wide variations in ash content of plants 
greatly contributes to the speed of podzolization. Joffe (23) 
indicates that hardwoods average 6.63 percent ash, while con­
ifers average 2.54 percent ash. Hardwood leaves decompose 
faster than conifers, as evidenced by the thin A0 horizon 
under deciduous vegetation as contrasted to the deep A00 and 
A0 horizons which occur under coniferous forests. The 
deciduous leaves, being basic in reaction, contribute to the 
retardation of the podzolization process in hardwood forests. 
Chandler (10) reports that amounts of calcium in leaf litter 
are high for bitternut hickory, baswood, white ash, and aspen. 
Beech, white and red oak, and red maple are low in calcium. 
Magnesium contents of leaf litter are closely related to cal­
cium amounts for the above species of trees. The average cal­
cium content of the litter Is closely related to the pH of 
surface soil as a result of differences in the proportion of 
tree species present rather than by any one species absorbing 
more calcium. 
In the upland soils of the study area, the interaction 
of the five soil forming factors result in (a) base leaching 
and development of acidity in the solum, (b) formation of clay 
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in the A and B horizons which is largely of high exchange 
capacity and mostly of the montmorillonitic-lllitic type and, 
(c) the accumulation of clay in the B horizon by eluviation 
from the A and/or formation of clay in place (42). As indi­
cated previously, illuviated clays would appear to be oriented 
around peds, while clays formed in place would be uniformly 
scattered throughout the soil matrix. 
History of the Indian Mounds 
The mound building trait originated from a desire by the 
Indian people to engage in activities after the death of a 
loved one which symbolized life rather than death (17). The 
erection of a burial mound served such a purpose. The high 
regard for the sanctity of the grave made necessary its pro­
tection from animal or human vandalism. A deep grave could 
have achieved this purpose, but, with primitive tools, the 
subsoil probably presented a considerable obstacle. Depth 
was, therefore, given to the grave by piling earth above the 
ground surface. Greenman (17) indicates this material was 
often obtained from above the "hardpan" or subsoil. 
The present state of Iowa was a favorite region with 
mound-building peoples as evidenced by an estimated 10,000 
prehistoric structures (44). "Prehistoric" structures lack 
artifacts which exhibit a European Influence and indicate 
that the Indian people had no contact with European civiliza-
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tlon (17). These mounds and village sites are concentrated 
along the major dralnageways in Iowa, since forested areas 
along rivers furnished shelter and an abundance of game. 
Rivers were also an important means of transportation to the 
prehistoric Indian people. 
Several prehistoric Indian cultures represented by mounds 
in Iowa are given in Table 1. The earliest of these cultures 
is the Early Woodland period which is considered by Logan (32) 
to date from around 3,000 years ago to about the beginning of 
the Christian era. Only one mound in Iowa has been placed 
with any certainty in this culture. Logan (32) considers the 
Middle Woodland culture equivalent in age to the Hopewelllan 
cultures of Illinois and Ohio. Hopewelllan mounds in Iowa are 
Table 1. Prehistoric Indian cultures represented In north­
eastern Iowa and approximate ages of the mounds 
studied 
Cultural 
designation (32) 
Years before 
the present 
Approximate placing 
of the mounds 
Effigy Mound Builders 700-1,180 
Hopewelllan 
(Middle Woodland) 
Early Woodland 
1,955-2,500 (12) 
1,900-3,000 (32) 
14,000 (40) 
Bear effigy 81 
Conical 2 
MçCormick conical 
Bear effigy 13 
Linear 14 
Conical 12 
Bear effigy 73 
Fayette silt loam 
aNumbers in parenthesis Indicate literature citations. 
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mostly small to medium in size, ranging from 3 to 10 feet in 
height and from 30 to 90 feet in diameter (44). Hopewelllan 
mounds in Illinois and Ohio have been dated by radiocarbon 
methods at 1,955 to 2,336 years of =ge (?4). Other Hope­
welllan mounds have been dated by Crane and Griffin (12) at 
2,430 and 2,500 years B.P.* Logan (32) and Beaubien (4) re­
port a date of 900 years B.P. for a Hopewelllan mound. Accord­
ing to Beaubien (4), this allows a long time span during which 
mounds groups could have been constructed along the Mississip­
pi. Logan (32), however, considers the 900 years B.P. data as 
somewhat "suspect" for mounds of Hopewelllan origin. A mound 
900 years of age was more likely erected by the Effigy Mound 
Builders. 
An Effigy Mound culture appears during the late part of 
the Middle Woodland period. Shetrone (44) reports the Effigy 
Mound culture reached its maximum development in southern 
Wisconsin, and extended westward into Iowa. The Effigy Mound 
culture finds expression in some 2,000 effigy, linear, and 
conical mounds in Allamakee, Clayton, and Dubuque counties of 
Iowa (44). Of course, many of these mounds may have been 
destroyed by cultivation and erosion since 1930 when Shetrone 
conducted his study. The tumuli occupy bluffs along the Mis­
sissippi River from the Minnesota line to near Dubuque, Iowa. 
•B.P. signifies before the present. 
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Effigy mounds in Iowa vary greatly in size - the bird images 
ranging from 70 to 170 feet in diameter and animal forms from 
35 by 85 feet to 60 by 140 feet (44). Radiocarbon dating of 
charcoal obtained by mound excavation, gives a date for an 
effigy mound in Dodge County, Wisconsin, of 1,180 years B.P. 
Logan (32) reports a date of 930 years B.P. from a bear effigy 
and expresses the opinion that effigy mounds may have been 
constructed until near 1200 A.D. The overlapping of dates ob­
tained for effigy mounds and Hopewelllan conical mounds, could 
indicate that the two groups were occupying the same site con­
currently. Beaubien (4) gives evidence for this possibility 
by noting that a "combination of Effigy Mound and Hopewelllan 
decorative techniques" were noted on a few potsherds and the 
associated burial mounds were intermixed. Several mounds of 
the two cultures have also yielded quite dissimilar artifacts 
which would indicate a long transitional period between a cul­
ture which was predominantly Hopewelllan and another which was 
largely Late Woodland (Effigy Mound Builders). A cultural 
blending would be greatly facilitated by the proximity of the 
Mississippi River and its importance as a means of communica­
tion. 
Since the mounds of various forms seem to span a consid­
erable portion of prehistoric time, perhaps the degree of 
development of the soil profiles in the mounds could form a 
basis for sorting the younger from the older mounds as sug­
gested by Leighton (29). 
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THE SOIL FORMING FACTORS IN THE STUDY AREA 
The soil forming factors of climate, vegetation, parent 
material, relief, and age or time have produced the present 
soils which occur on the landscape of northeastern Iowa. As 
previously stated, an evaluation of time as a soil forming 
factor necessitates that the other factors remain constant. 
This study is concerned primarily with evaluating the effect 
of time as a soil forming factor using Indian mound fill as a 
parent material of known age and will be concerned with only 
a very small portion of the soil population of the United 
States, or even of Allamakee County, Iowa. 
The geographic location of the Effigy Mounds National 
Monument in relation to the soil association areas of Iowa is 
presented in Figures 1 and 2. Locations of individual Indian 
mounds excavated during the course of this study are presented 
in Figure 3. The study area is loacted in Section 34, Tier 
96N, Range 3W and Section 3, Tier 95N, Range 3W of the 5th 
Principle Meridian in Allamakee and Clayton Counties, Iowa. 
The National Monument Includes an area of 1,204 acres (32), 
most of which occur atop steep ridges overlooking the Missis­
sippi River which separates Iowa from Wisconsin. 
Climate 
The present climate of northeastern Iowa is moist sub-
humid (49) type with hot summers, cold winters, and moderate 
Figure 1. Location of the study area in relation to the soil 
associations of Iowa 
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25 
i CKC 
TD EFFIGY MOUNDS 
NATIONAL MONUMENT 
CC FDS 
TM 
CC TM CS TM 
CC - CARRINGTON AND CLYDE 
CKC - CRESCO - KASSON - CLYDE 
F — FAYETTE 
FDS - FAYETTE - DUBUQUE - STONYLAND 
TD - TAMA AND DOWNS 
TM - TAMA AND MUSCATINE APPROX. SCALE 
ABRUPT BOUNDARY 24 miles 
TENTATIVE BOUNDARY 
niiiiiiiiiiii GRADATIONAL BOUNDARY 
Figure 3. Map of Effigy Mounds National Monument showing 
the location of various mound groups 
27 
Mounds located by Archeologist Logon and checked 
by Superintendent Berrett, October 20,1955. Orig­
inal drawing by O.E. Rogers and checked by G. IngolJs. 
This reduced plon by H. Davison and checked by 
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rainfall. Mountains to the west and east of the Great Plains 
reduce the penetration of oceanic influences with a resultant 
extreme continental climate having cold, dry winters. North­
west winds prevail in winter, but from April to October 
southerly winds predominate with great regularity. 
About 71 percent of the annual precipitation occurs in 
the warm season, April to September, and 51 percent in the 
months of greatest crop growth, May to August (39). The max­
imum precipitation intensity occurs in June, while the mini­
mum intensity occurs in January (59). At Lansing, Iowa, the 
January average temperature is 21.1°F. and the July average 
is 72.8°F. The average precipitation at the Lansing station 
is 32.64 inches per yerr and the average growing season is 
151 days (56). 
The general topography is a minor factor In climate, 
although locally in the study area the influence on climate 
of the aspect and angle of the hill slope is related to the 
selection, management, yield, and quality of certain crops. 
For instance, a much lower site index for forest species is 
obtained for the soils occurring on steep south and west 
facing slopes (42). 
In the summer months, évapotranspiration losses exceed 
the sum of precipitation increments. Water entering the 
soil at this time is largely withdrawn by plants from the 
relatively shallow depths to which it penetrates, and little 
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water moves into the deeper soil horizons or through the 
solum during this period. With the decline of average daily 
temperatures in the fall, and less vegetative use of soil 
moisture, precipitation begins to exceed évapotranspiration. 
The amount of precipitation Is low during the winter and ex­
ceeds the very low rate of moisture loss by évapotranspira­
tion . In the study area, the soil is commonly frozen to a 
depth of 18 to 36 inches (59) during the winter and, there­
fore, water infiltration is quite negligible during this 
period. For a time in the spring, rainfall exceeds évapo­
transpiration until warmer temperatures and increasing vege­
tative growth produce a deficit in the precipitation:évapo­
transpiration ratio. Late fall, spring, and early summer 
are the three periods of deep water percolation. 
Evidence that the climate of the study area, may not 
always have been similar to the present climate has been 
summarized by White (60). Ruhe and Scholtes (40) infer that 
climate has been similar to present conditions for the past 
5,000 years, with the exception of a "thermal maximum" around 
1,000 years ago. The effect of this warm, dry period upon 
the soils in the study area would be most difficult to evalu­
ate, but it is possible that certain morphologic features of 
the soils may be a result of both past and present climatic 
conditions. It seems probable that the Indian mound soils 
have been derived under climatic conditions similar to those 
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existing at the present time, with perhaps some soil charac­
teristics due to the warmer climate around the time of mound 
construction. 
Topography and Drainage 
The Fayette-Dubuque-Stonyland soil association, located 
in the so-called "Driftless Area" of northeastern Iowa, is 
narrow except for tongues following the Turkey, Upper Iowa, 
and Yellow River valleys which reach westward. The Effigy 
Mounds National Monument is dissected by the Yellow River as 
shown in Figure 3. According to Simonson et al. (49) this soil 
association covers 1,300 square miles or 2.3 percent of Iowa. 
Narrow ridges separate deep valleys cut by streams on their 
way down to the level of the Mississippi River. 
The landscape in this soil association is described by 
Leonard (30) as dissected bedrock topography. The land sur­
face, only very slightly modified by the Nebraskan glaciation 
(25), is left as sculptured by weathering and geologic ero­
sion. According to Atwood (2), stream erosion has continued 
since the withdrawal of the shallow continental sea at the 
close of the Paleozoic era. The lands have been dissected 
over and over again as one cycle of erosion after another has 
advanced through the stages of youth and maturity. Much of 
the landscape is in a mature stage of dissection and may be 
post-mature in some portions (2). 
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The most prominent topographic feature of this region is 
the broad, bluff-lined valley of the Mississippi River which 
is somewhat over a mile wide. The channel is entrenched in 
sedimentary strata of the Cambrian, Ordovician, and Silurian 
systems (25, 30) and meanders from side to side across the 
floodplalns. The Mississippi and its tributaries are sunk 500 
to 600 feet below the general upland elevations of 1,100 to 
1,950 feet above sea level (30) . Bluffs rise abruptly 300 to 
400 feet above the Mississippi River and then the surface has 
a gradual ascent to 600 feet. The Indian mounds investigated 
during the course of this study are located atop such bluffs 
as these. 
Streams in the area exhibit a dendritic drainage pattern 
in dissected bedrock topography developed from horizontal 
strata of interbedded limestone, dolomite, sandstone, and 
shale (52). Stonyland on slopes averaging 30 to 60 percent 
consists of shallow soils formed partly from colluvium and 
partly from bedrock in which there are numerous rock fragments 
and rock outcrops (49). In general, the soils of this region 
are well-drained, both internally and externally, and exhibit 
well-oxidized profiles. 
Parent Material and Time 
The upland soils of the study area have been derived from 
thick Wisconsin loess which was blown from the lowan drift 
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plain to the west 16,000 to 94,000 years ago (40) and is be­
lieved to be of Iowan age (41). The belt of thick loess ex­
tends between the Iowan drift border and the eastern margin 
of the state along the Mississippi River in northeastern Iowa. 
According to Ruhe and Scholtes (4l), the ages of the uneroded 
or slightly modified upland soil landscapes are similar to 
those of the Iowan drift region. Ruhe and Scholtes (41) re­
port a radiocarbon date of 39,000 years before present which 
is believed to date the surface underlying the Iowan till as 
Late Sangamon. Loess deposition ceased during the time 14,000 
to 16,000 years before present (40). It is possible, then, 
that the age of the landscape in the study area could range 
from 14,000 to more than 38,000 years. 
It seems probable that the loess in the area may have 
been modified somewhat by "local loess" from the Mississippi 
River valley. Several studies (18, 19, 50) have suggested 
progressive texture changes with distance from the loess 
source in the midwestern United States. Smith (50) reports 
that loess in Illinois may contain as much as 18.7 percent 
sand at a distance of 0.6 miles from the source and 21.5 per­
cent sand at 1.5 miles. No sand was found at distances great­
er than 4.5 miles from the source. Scholtes and Swenson (42) 
indicate that some sands of eolian origin may have been de­
posited on some of the limestone bluffs In the study area. 
The loess of northeastern Iowa may be 200 Inches thick on the 
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widest ridge crests, and shows no thinning pattern as in 
southwestern Iowa (42). Fayette soils have formed in loess 
which ranges in depth from 3.5 to 10 feet on slopes of 3 to 
15 percent (49). The parent material for the soil profiles 
developed on the Indian mounds shall be established as a re­
sult of this study. 
Vegetation 
According to Dayton (15) and Smith et al. (51), the 
native vegetation of northeastern Iowa prior to settlement 
by the white man was prairie and deciduous forests in an in­
tricate pattern controlled largely by slope. As previously 
stated, the climate has fluctuated during the Pleistocene in 
the northern United States and would favor grass vegetation 
during relatively warm interglacial periods. On the other 
hand, according to Sears (43), forests were prevalent along 
glacial borders during the cool, moist periods of glaciation. 
Ruhe and Scholtes (41) report spruce logs burled by the ad­
vance of the Iowan glacier in Greene County, Iowa. Lane (28) 
states that pollen of coniferous vegetation was deposited in 
a peat bog in Hancock County, Iowa following the ablation of 
the Gary (41) glacier. White (60) found no apparent morpho­
logical indications that the Fayette soil series In north­
eastern Iowa had been influenced by grass vegetation. The 
influence of possible short periods of grass vegetation in the 
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study area is not within the scope of this study. White (60) 
assumed that the Gray Brown Podzolic soils of the biosequence 
he studied were developed under forest vegetation. This 
assumption will be accepted for the Fayette soils involved in 
this study. Simonson et. al. (49) have stated that at the 
present time about 40 percent of the Fayette-Dubuque-Stonyland 
soil association is forested, while the remaining 60 percent 
is either cultivated or pastured land. Dayton (15) states 
that the native oak-hickory forest in northeastern lows in­
cluded black oak (Quercus velutina). northern red oak (Quercus 
borealls)« bur oak (Quercus macrocarpa). white oak (Quercus 
alba). and shagbark hickory (Carya ovata). At the present 
time, the Effigy Mounds National Monument is forested with 
white and red oak, shagbark hickory, and aspen (Populus 
tremuloldes) second growth with an understory of various woody 
species and ferns. 
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METHODS OF INVESTIGATION 
Field Methods 
During the first week of field investigations, several 
days were spent in reconnaissance of the Effigy Mounds Nation­
al Monument. It was felt that only mounds should be excavated 
which were not a part of the public display, since the spoil 
from the excavations would disfigure the mounds for several 
years until the sod became re-established. Mounds were 
chosen which exhibited maximum relief and were, in general, 
well defined with fairly broad, gently sloping tops so that 
erosion at the sample site would have been at a minimum. 
Care war, taken to select mounds which showed no evidence 
of previous excavation by amateur archaeologists. Many mounds 
were not considered as suitable study sites due to spoil left 
by "pot-hunters". Several auger borings were taken in mounds 
which showed a suitable morphology in order to avoid soil pro­
files which may have been contaminated by spoil from previous 
excavations. The locations of the six mounds excavated on the 
Effigy Mounds National Monument are shown in Figure 3. A 
seventh mound was sampled north of the National Monument on 
the property of Mr. Emmitt McCormick. 
A trenching site was established on suitable mounds by 
roping s three foot wide area over the mound at the point of 
greatest elevation. Leaves and twigs were then removed and 
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the sod lifted away and set aside for the resodding of the 
trench at the conclusion of the excavation. 
A three foot wide trench was opened through the mound 
fill as suggested by the archaeologist. One-quarter inch 
slices were carefully taken down through the mound fill with 
flat shovels. When stones or other materials, which were 
thought to be a result of Indian activity, were encountered, 
the archaeologist investigated using a trowel end brush. Since 
the mounds were selected largely as soil study sites, the 
areas excavated were less than optimum locations to encounter 
burials and artifacts. For this reason, few artifacts or 
other evidences of Indian activity were found. However, a 
cremation was encountered in conical mound 12 and a stone 
c r y p t  i n  c o n i c a l  m o u n d  2 .  
The excavations continued until the burled soil beneath 
the mound fill was encountered. The buried material was recog­
nized by its yellowish brown color, finer texture, and blocky 
structure, as contrasted to the brown silt loam material of 
the mound fill. The depth of mound fill ranged from twenty-
one inches in conical mound 2, which contained the crypt, to 
thirty-six inches in bear effigy mound 73. 
Detailed morphologic descriptions of the soil profiles 
were taken in situ from the trench faces according to the 
procedure outlined in the Soil Survey Manual (58). Munsell 
color charts were used to describe soil color. Core samples 
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were teken for bulk density determinations. In addition, 
cores were taken for microbial studies. These cores were 
sealed in plastic bags in order to maintain the moisture con­
tent and microbial population of the soil es nearly constant 
as possible until they could be studied in the laboratory. 
Bulk samples were taken of each horizon for laboratory anal­
ysis. Monoliths were taken from the trench faces at the loca­
tions indicated on the cross-sectional diagrams shown in Fig­
ures 4 to 10. 
Using the sampling site as a reference point, detailed 
measurements were taken with a steel tape so the dimensions 
of the mounds could be plotted and diagrams constructed for 
each of the seven mounds. The depth of fill was recorded 
parallel to the trench so cross-sectional diagrams could be 
prepared. These diagrams are shown in Figures 4 to 10. 
In an effort to learn the source of fill, one hundred 
foot traverses were taken in each of the four major compass 
directions from each mound. At five foot intervals, the depth 
to the B horizon was measured with a probe. It was thought 
that if the topsoil depth in the area adjacent to the mounds 
was less than the average depth of A horizon in the Fayette 
soil series, that this would Indicate the surrounding soils 
served as "borrow pits" from which the Indians removed the 
fill for mound construction. The data obtained from these 
traverses are given in Table 2. 
Figure 4. Plan and cross-sectional diagrams of conlcpl 
mound 12 
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Table 2. Results of several traverses to determine A horizon 
thickness In the study area 
Distance from Thickness of A^ and Ag horizons (inches) 
mound center Traverse direction 
(feet) North South East West 
(Linear mound 14) 
15 Mound fill 5 4 
20 3 5 4 4 
25 5 5 4 4 
30 5 4 6 6 
35 4 4 7 6 
40 6 4 7 7 
45 6 4 6 7 
50 5 4 7 8 
55 5 7 7 8 
60 7 7 6 1/2 9 
65 7 8 6 7 
70 7 7 6 8 
75 7 7 7 8 
80 9 7 6 8 
85 8 9 1/2 7 9 
90 9 9 8 9 
95 10 10 9 8 
100 10 10 9 9 
Slope along traverse 
(percent) 8 7 10 5 
(Bear effigy mound 73) 
10 Mound fill 5 (fill) 
15 n H 4 M 
20 n n 5 5 
25 ii ii 5 5 
30 4 (fill) 4 6 
35 3 1/2 ii 4 4 
40 5 it 4 5 
45 4 1/2 ii 3 3 
50 4 1/2 n 4 4 
55 5 ii 6 5 
60 4 n 6 5 
65 3 1/2 M 5 5 
70 4 4 5 4 1/2 
75 4 5 5 6 
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Table 2. (Continued) 
Distance from Thickness of Aj and Ag horizons (inches) 
mound center Traverse direction 
(feet) North South East West 
(Bear effigy mound 73) 
80 Linear 5 5 5 
85 Mound 5 5 5 
90 4 5 6 5 
95 2 1/2 5 6 5 
100 4 4 6 9 1/2 
Slope along traverse 
(percent) 2 4 9 5 
(Conical mound 12) 
10 Mound fill Mound fill 
15 it it h n 
20 " " ii « 
25 (fill) 6 (fill) 4 
30 6 5 3 4 
35 6 5 4 4 
40 4 6 4 4 
45 5 5 4 4 
50 5 6 3 4 
55 6 7 3 4 
60 5 6 5 5 
65 7 8 5 6 
70 6 8 4 6 
75 6 8 4 6 
80 6 8 5 7 
85 7 10 6 7 
90 6 9 6 6 
95 7 11 5 6 
100 6 10 5 8 
Slope along traverse 
(percent) 15 12 5 5 
(Bear effigy mound 13) 
15 Mound fill 5 (fill) 
20 4 6 
25 5 6 
30 5 6 5 4 
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Table 2. (Continued) 
Distance from Thickness of A^ and Ag horizons (inches) 
mound center Traverse direction 
(feet) North South East West 
(Beer effigy mound 13) 
35 6 5 5 5 
40 5 5 4 4 
45 5 5 5 4 
50 7 6 7 5 
55 8 6 6 7 
60 9 5 7 6 
65 8 5 7 6 
70 9 8 7 6 
75 9 8 8 7 
80 9 1/2 7 8 7 
85 9 7 8 8 
90 9 7 8 8 
95 9 8 10 7 
100 9 7 9 10 
Slope along traverse 
(percent) 5 8 7 5 
(Conical mound McCormick) 
10 Mound fill 6 4 (fill) 
15 4 5 3 
20 4 5 5 4 
25 4 5 5 5 
30 6 5 5 5 
35 5 5 7 7 
40 5 5 7 5 
45 7 5 7 6 
50 6 6 8 7 
55 7 6 8 8 
60 6 6 8 7 
65 6 7 8 8 
70 7 7 9 7 
75 8 8 8 8 
80 6 8 8 7 
85 6 1/2 7 8 8 
90 6 8 10 9 
95 7 9 9 9 
100 8 8 9 9 
Slope along traverse 
(percent) 7 10 12 6 
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Table 2. (Continued) 
Distance from Thickness of and Ag horizons (inches) 
mound center Traverse direction 
(feet) North South East West 
(Bear effigy 81) 
15 Mound fill 10 
20 6 4 
25 6 4 
30 5 5 4 
35 5 4 5 
40 5 6 
45 5 5 
50 5 5 6 5 
55 4 5 6 6 
60 6 6 7 5 
65 5 7 6 5 
70 5 7 8 7 
75 6 8 7 7 
80 6 8 7 7 
85 6 8 9 8 
90 7 8 9 1/2 6 
95 7 8 9 8 
100 7 9 9 9 
Slope along traverse 
(percent) 10 7 10 10 
(Conical mound 2.) 
West NW SW 
10 Mound fill 
15 Mound fill 
20 5 6 6 
25 North and east 6 3 6 
30 traverses were 5 3 5 
35 impossible due 5 5 4 
40 to the close 5 4 5 
45 proximity of 5 5 5 
50 this mound to the 5 5 4 
55 bluff escarpment 5 4 4 
60 above the 5 4 1/2 4 
65 Mississippi River 6 4 6 
70 4 4 5 
75 4 5 1/2 5 
80 5 5 5 
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Table 2. (Continued) 
Distance from Thickness of A]_ and Ag horizons (inches) 
mound center Traverse direction 
(feet) North South East West 
(Conical mound 2) 
West NW SW 
85 5 5 5 
90 5 5 6 
95 6 5 5 
100 6 6 5 
Slope along traverse 
(percent) 10 14 3 
In addition, for comparative purposes measurements of the 
depth to the B horizon were taken et five foot Intervals dur­
ing traverses along four ridges which lacked mounds. These 
data ans presented in Table 3. 
In addition to the mound excavations, two sites consider­
ed by Dr. W. H. Scholtes as representative of the modal con­
cept of the Fayette soil series were selected. These sites 
were chosen to represent the virgin, upland, loess-derived 
soil for a comparison with the soil profiles in the mounds. 
The first Fayette site was located near bear effigy mound 81 
within Effigy Mounds National Monument. The second sampling 
site was loceted ne^r the entrance to Pike's Peak State Park 
south of McGregor in Clayton County, Iowa. At each site, a 
pit was dug, horizons delineated, and samples taken as pre­
viously described. 
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Table 3. Results of several traverses to determine A 
horizon thickness along ridges lacking mounds 
Thickness of A^ plus Ag horizons (inches) 
Direction of traverses 
WSW NS WSW EW 
Distance (Point 
(feet) Ann) 
0 6 7 7 6 
5 7 7 7 5 
10 6 8 8 5 
15 6 7 7 5 
20 5 7 7 5 
25 6 8 7 5 
30 7 7 7 5 
35 6 6 7 6 
40 7. 8 7 6 
45 6 7 7 5 
50 8 7 7 5 
55 7 8 7 5 
60 6 7 6 5 
65 6 8 7 5 
70 6 6 7 5 
75 6 7 7 4 
80 6 7 7 1/2 5 
85 6 7 8 5 
90 6 7 8 5 
95 6 7 8 5 
100 6 8 8 5 
Slope along 
traverse (percent) 10 10 5 10 
Laboratory Methods 
Bulk samples were allowed to air dry for three to four 
days at room temperature. Samples were taken at random and 
ground through a Braun sample grinder. All material which 
passed a two millimeter sieve having round apeturee was used 
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for a working sample. Organic materials which did not pass 
through the sieve were discarded. The ground samples were 
stored in quart glass containers for use during the laboratory 
studies. 
Physical properties 
Bulk density Duplicate samples for the determination 
of bulk density were obtained from undisturbed soil horizons 
before the bulk samples were collected. A Uhlsnd core sampler 
having a tapered cutting head was driven vertically Into the 
horizon with uniform strokes so the soil structure would re­
main as nearly undisturbed as possible. The cores were re­
moved from the horizons by excavation, trimmed of excess soil, 
and placed in pint cardboard containers. The samples were re­
turned to the laboratory, weighed, and dried in a 105-110°C. 
oven for forty-eight hours. The samples were then reweighed 
and the bulk density calculated.* Bulk density values for the 
mounds and the Fayette sites are given In Table 4. 
Particle size analysis The pipette method described 
by Kilmer and Alexander (26) was used in the particle size 
analyses. Sodium carbonate-sodium hexametaphosphate was used 
•Volume of cylinder = r^h = 3.1416 x 3.8^ cm x 7.6 cm 
= 344.77 cm3 
Bulk density = «eight of^oyen dry soil 
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Table 4. Bulk densities of seven Indian mounds and two 
Fayette profiles 
Moisture at 
Horizon Depth Bulk sampling 
designation (inches) density (percent) 
(Fayette silt loam, Site I) 
Aog 6-9 1.3 14.5 
B, 13-16 1.4 15.0 
Bp, 22-?5 1.4 15.8 
Bpp 30-33 1.5 15.5 
Bg 39-42 1.5 15.8 
C-l 44-47 1.4 18.0 
(Fayette silt loam, Site II) 
A« 4-7 1.3 14.3 
B, 12-15 1.4 14.0 
Bp, 20-23 1.5 13.2 
Bpp 27-30 1.4 14.6 
Bp-z 38—41 1.4 17.0 
Bg 42—45 — — 
C-l 48-51 1.5 17.4 
(Linear mound 14) 
Agg 3-6 1.4 13.5 
Apg 8-11 1.4 13.9 
(BJ 16-19 1.5 12.8 
Bgb 23-26 1.5 12.6 
(Bear effigy mound 73) 
2^2 
B23 
B1 521 
=22 
5lb 
B2b 
£22 
%el 
£e2 
ce3 
3-6 1.3 13.7 
8-11 1.4 14.4 
15-18 1.4 14.1 
22-25 1.4 12.0 
30-33 1.4 11.1 
38-41 1.4 13.1 
43-46 1.5 13.6 
(Conical mound 2) 
2-5 1.1 33.2 
8-11 1.3 27.0 
13-16 1.3 26.9 
18-21 1.4 26.9 
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Table 4. (Continued) 
Moisture at 
Horizon Depth Bulk sampling 
designation (inches) density (percent) 
(Bear effigy mound 13) 
Agg 3-6 1.4 11.4 
A23 8-11 1.3 11.9 
(E^) 14-17 1.5 9.5 
(Bg) 21-24 1.5 11.3 
B3b 26-29 1.5 12.3 
(Conical mound 12) 
Agg 3—6 1.3 10.5 
Agg 9-12 1.3 9.0 
AB 15-18 1.4 9.9 
(B) 27-30 1.5 9.4 
Bgb 32-35 1.4 7.8 
(McCormick conical mound) 
Agg 2-5 1.3 6.0 
Aog 8-11 1.4 5.0 
(Bx) 15-18 1.4 7.7 
(Bg) 26-29 1.5 7.2 
Bgb 33-36 1.5 9.4 
(Bear effigy mound 81) 
Agg 1—4 1.3 19.5 
Cel 13-16 1.3 17.7 
Ceg 23-26 1.4 17.6 
Ce3 27-30 1.4 17.7 
Blb 32-35 1.4 18.2 
Bgb 41-44 1.4 18.4 
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to disperse the soil and was prepared according to the pro­
cedure given by Klrkham (27). Sedimentation times for the 
various size fractions were calculated using the nomograph by 
Tanner and Jackson (54). 
Duplicate ten gram soil samples which passed a two milli­
meter sieve were weighed into beakers. Oxidation of the or­
ganic matter was accomplished using 30 percent hydrogen per­
oxide. The samples were diluted to about 600 milliliters and 
10 milliliters of dispersing agent was added. The samples 
were then tightly stoppered, placed on an end over end shaker 
for 24 hours, and made up to 1,000 milliliters in graduated 
cylinders. Three 25 milliliter aliquot s were withdrawn at a 
10 centimeter depth by means of an automatic pipette. The 
first aliquot removed all particles having an effective 
diameter less than 50 microns, while the second and third 
aliquots removed particles having diameters of less than 20 
and less than two microns, respectively. The aliquots were 
received In 50 milliliter beakers, oven dried, and weighed on 
an analytical balance• The sand content was calculated by 
subtracting the sum of coarse silt, fine silt, and clay from 
100 percent. Particle size analysis data are given In 
Figures 11 and 12 and Table 5. 
Thin sections Thin sections of selected Ap and B 
horizons of soils of the mounds and Fayette were prepared 
from cores used for the bulk density determination. Cores 
Figure 11. Particle size distribution in three Indian 
mounds and Fayette Site I 
Note: The horizontal dashed line in eech mound diagram 
represents the base of mound fill 
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soil profiles 
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Table 5. Particle size distribution of seven Indian mounds 
and two Fayette profiles 
Fine Coarse 
Clay silt silt Sand 
Depth <= 2H 2-2 OH 20-50/% >50/1 
(inches) (percent) (percent) (percent) (percent) 
Horizon 
designation 
(Fayett e silt loam, Site I) 
0-1 1/2 12.7 35.0 36 .4 15.9 
1/2-5 10.3 35.9 35 .5 18.3 
5-10 10.6 35.4 43 .1 10.9 
10-19 19.9 31.9 39 .7 8.5 
19-27 29.5 30.9 38 .0 1.6 
27-36 27.9 30.0 38 .2 3.9 
36-43 26.5 29.7 39 .4 4.4 
43-49 29.2 30.3 35 .4 5.1 
(Fayett e silt loam, Site II) a 
A1 
L21 
22 
1 
21 
22 
Al 0-2 13.0 45.2 — —  2.4 
A2 2-9 13.5 46.1 — —  2.2 
Bl 9-17 13.9 45.0 —  —  9.0 
B21 17-24 23.8 37.2 —  —  3.5 
B22 24-35 27.7 28.1 — —  3.8 
B23 35—42 30.7 25.9 —  —  3.8 
B3 ' 42-48 29.6 26.8 —  —  3.4 
Cl 48+ 26.3 27.5 —  —  3.6 
(Linear mound 14) 
A% 0-2 17.1 24.5 47.3 11.1 
2-7 11.1 31.1 52.8 5.0 
Ap3 7-12 21.1 17.9 59.7 8.3 
(B? 12-23 24.0 26.0 45.3 4.7 
B2b 23+ 30.7 21.3 44.6 . 3.4 
^Samples analyzed by the soil survey laboratory, Soil 
Conservation Service, U. S. Department of Agriculture, Lincoln, 
Nebraska. 
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Table 5. (Continued) 
Fine Coarse 
Clay silt silt Sand 
Horizon Depth <2^1 2-20 ft 20-50/i >50/t 
designation (inches) (percent) (percent) (percent) (percent) 
(Conical mound 12) 
An 0-1 1/2 16.6 26.8 45.4 11.g 
App 1 1/2-8 1/2 15.4 31.1 46.2 7.3 
Apg 8 1/2-12 17.2 27.1 51.7 4.0 
AS 12-24 17.6 29.2 41.4 11.8 
(B) 24-32 19.0 27.9 48.6 4.5 
B3b 32-38 33.9 20.4 43.2 2.5 
Cremation — 9.5 23.0 46 » 6 20.9 
(McCormick conical mound) 
Agg 1-7 15.5 
Ap3 7-12 17.1 (Si) 12-22 20.1 
(Bg) 22-33 16.7 
Bgb 33—40 36•5 
(Bear effigy 
An 0-1 13.5 
(Ago) 1-4 11.0 
(Agg) 4-10 11.3 
CelD 10-20 12.3 
Ceg 20-27 13.2 
Ce3 27-30 17.0 
Blb 30-39 24.4 
Bgb 39-47 31.0 
Bgb 47-52 29.5 
26.7 49.4 8.4 
24.2 52.3 6.4 
23.1 48.9 7.9 
24.5 50.0 8.8 
18.8 43.6 1.1 
mound 81) 
34.3 38.7 13.5 
36.7 41.0 11.3 
37.2 44.8 6.7 
37.9 41.6 8.2 
36.7 41.4 8.7 
34.0 40.3 8.7 
32.0 38.2 5.4 
98.5 34.0 6.5 
31.4 36.9 2.2 
bCe designation signifies mound fill parent materials. 
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Table 5. (Continued) 
Fine Coarse 
Clay silt silt Sand 
Horizon Depth < 2ft 2-20 ft 2.0-50 ft >50 ft 
designation (inches) (percent) (percent) (percent) (percent) 
(Bear effigy sound 73) 
Ai 0-2 19.9 28.4 43.5 8.2 
Agg 2-6 17.7 31.0 44.4 6.9 
Ap3 6-12 1/2 20.1 31.1 44.8 4.0 
Bf 12 1/2-20 21.3 30.1 45.1 3.5 
b21 20-27 *2.3 29.7 44.5 3.5 
Bog 27-36 22.2 31.5 43.6 2.7 
Blb 36-43 21.9 30.4 45.5 2.2 
Bgb 43+ 35.4 18.7 44.4 1.5 
(Conical mound 2) 
A]_ 0-1 5.9 23.8 54.9 1 5.4 
Agg 1-5 9.5 44.5 42.1 3.9 
Agg 5-7 1/2 10.0 43.4 32.6 14.0 
Cel 7 1/2-12 13.4 39.0 43.6 4.0 
Ceg 12-17 14.8 39.3 45.1 0.8 
Ce3 17-21 14.3 39.3 44.2 2.2 
(Bear effigy mound 13) 
Ax 0-1 1/2 17.9 
Agg 1 1/2-7 15.5 
A23 7-12 17.0 
(8%) 12-19 18.0 
(Bg) 19-26 23.0 
®3b 26-33 29.8 
23.7 43.8 14.6 
30.1 44.3 10.1 
31.2 48.0 3.8 
30.2 50.9 1.9 
22.8 50.0 4.2 
22.3 44.9 3.0 
were chosen from mound horizons which showed the greatest and 
least development. The cores were impregnated under vacuum 
with a mixture of nine parts American Cyanamld Laminae and 
ten parts Dow Styrene. One drop of Lupersol DDM was added as 
a catalyst to promote hardening. The cores were hardened in 
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a low temperature electric oven for one hour and then placed 
in a 110°C. oven overnight. A horizontal section of each core 
was cut with a circular diamond-edged saw lubricated with 
kerosene. A portion of this section v:ss cemented to a glass 
slide with Lakeside 70 and machine ground with American Opti­
cal abrasive kl80. Final hand polishing was accomplished with 
American Optical abrasive M303. A small amount of Lakeside 70 
served to cement the cover glass on the sample. The thin sec­
tions were then examined with a pétrographie microscope and 
photomicrographs were made using a Leica 35 mm camera with 
Kodachrome film. The exposure time with plane polarized light 
was 40 seconds. 
Chemical properties 
Soil reaction Soil reaction or pH was determined in 
duplicate for all horizons sampled. A glass electrode Model 
Hc Beckman pH meter was used. Approximately twenty five grams 
of soil was weighed and twenty five milliliters of distilled 
water was aaded, producing a 1:1 soil-water mixture having a 
paste-like consistency. The samples were vigorously stirred, 
allowed to stand for thirty minutes, re-stirred, and the pH 
measurement quickly taken. 
Total organic carbon Total organic carbon was deter­
mined by a gravimetric dry combustion procedure outlined by 
Black (5). A stream of oxygen passed over a mixture of soil 
and manganese dioxide in an electric furnace served to 
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oxidize the organic carbon. The resulting carbon dioxide was 
absorbed in a solid, sodium hydroxide-asbestos mixture con­
tained in a weighed absorption tube. The increase in weight 
of the tube resulting from the carbon dioxide was measured. 
Since all of the soils used for this study were acid, It was 
felt that the carbon present was largely organic carbon. 
Total exchangeable bases Total exchangeable bases 
were determined as outlined by Black (5) using an ammonium 
acetate soil extract which was evaporated to dryness and ig­
nited to change the bases to carbonates and oxides. The 
residue was treated with standard hydrochloric acid and the 
excess acid titrated with standard sodium hydroxide using 
methyl red as an indicator. The acid consumed represents the 
exchangeable bases which include those present in the original 
extract as nitrates. 
Calcium and magnesium Calcium and magnesium were 
determined by disodium, dihydrogen ethylenedlamenetetraacetate 
(EDTA) titration outlined by Black (5). The solution used was 
that saved from the titration of total exchangeable bases. In 
order to avoid burette refill, a 10 milliliter aliquot was 
used rather than the recommended 25 milliliter aliquot. The 
volumes of buffer solution and eriochrome black T indicator 
were reduced in proportion to the aliquot. 
Magnesium was determined in a second aliquot by the pre­
cipitation of calcium with sodium tungstate. For the calcium 
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precipitation, the volume of buffer and sodium tungstate were 
reduced in proportion to the smaller aliquot of iron-free 
solution. Magnesium in the solution was titrated with stand­
ard disodium, dlhydrogen ethylenediaminetetraacetate. The 
content of calcium was calculated from the difference between 
the two titrations. 
Microbiological populations Total numbers of actino-
mycetes, fungi, and bacteria were made by the plate method by 
Dr. L. R. Frederick and Dr. Clara Lin of the Iowa State Univer­
sity Agronomy Department, Ames, Iowa. 
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DISCUSSION OF RESULTS 
Profile Interpretations 
Morphologic descriptions of the profiles examined during 
the field investigations are presented in the Appendix. The 
Fayette profiles of this study were found to have rather thin, 
dark-colored, silt loam A^ horizons and light-colored, silt 
loam Ag horizons. The structure of the A^ horizons was granu­
lar, while the structure of the Ag horizons was platy. Both 
Fayette profiles exhibited brown, sllty clay loam B horizons 
which had angular or subangular blocky structure. The Fay­
ette profiles had color, structural, and textural B horizons. 
The soils developed in the Indian mounds were observed 
to have A^ horizons very similar in color and thickness to 
the A^ horizons of the Fayette soils. However, the Ap hori­
zons present in the mounds were not as well developed as those 
of Fayette. Structure in the mound Ag horizons was generally 
weak, while the Fayette Ag horizons were strongly developed. 
Five mounds presented color and structural B horizons which 
were not as well developed as the B horizons in the Fayette 
series. In addition, the writer considers that bear effigy 
81 and conical 2 lacked B horizons. Structural grades for the 
B horizons of the mounds soils were generally considered to 
be weak or, perhaps, moderate and the peds of the mound B 
horizons were not as large and distinct as those of the 
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Fayette soils. 
The structural relationships among the profiles studied 
are given in Table 6 and are placed with the structural ex­
pression of the Ag horizons increasing from left to right. 
The platy structural development of the upper portions of the 
Ag horizons was more pronounced than the development in the 
lower portions. The upper subhorizon of the Ag was indicated 
as the Agg, while the lower was designated as the Agg. In 
most of the mounds, the horizons having strongly developed Ag 
horizons also exhibited the most pronounced structural B 
horizons. Therefore, on the basis of the field studies, it 
would seem that Ag horizons generate downward into the pro­
file while B horizons initially originate in the lower solum 
and progress upward over time. 
In the mound B horizons, clay skins were discontinuous 
and occurred as thin coatings on some ped surfaces and along 
root channels. The clay skins in the Fayette Bg horizons 
were nearly continuous on vertical and horizontal ped sur­
faces. Little textural differentiation in the mound profiles 
was noted during the field investigations and the textures 
were designated as silt loams or fine silt loams. Appropriate 
horizon nomenclature was used to describe the burled B hori­
zons encountered in the mounds at the base of the fill. The 
burled horizons were clearly differentiated from the mound 
fill on the bases of color, structure, and texture as pre-
Table 6. Structural relationships among two Fayette and seven Indian mound 
profiles 
Fla Fil BE73 02 BE13 012 L14 CMcO BE81 
A 2 2  
*23 
Ai 
(B) 
I 
lib 
B3b 
2vfgr 3vfgr 2vfgr 
3vtpl 3vtpl 3vtpl 
3v tp1 ----- lvtpl 
2fsbk 2vf sbk 2fsbk 
lfgr 
3vtpl 
2vtpl 
3msbk 3fsbk 
2f-msbk 2fsbk 
3f sbk 
3fgr 
2vtpl 
lvtpl 
————— lv f sbk 
————— 2msbk 
3vfsbk — 
P.vfgr 
2vtpl 
lvtpl 
2vfsbk 
3vfgr 
2vtpl 
lvtpl 
lvf—f sbk 
m 
m 
m 
m m 
3fabk 
3f abk 3f sbk 
lfabk lfsbk 
2fgr 
2v tpl lvtpl 
lvtpl lvtpl 
Pvf-fsbk 
?fsbk 
1 m 
m 
m 
2msbk 
3msbk 
Pmsbk 
3f-msbk 
ap Fayette 
BE bear effigy 
C conical 
L linear 
McC MoCormlck mound 
^Structural designations are as follows: 
1. 
2 .  
3. 
grade 
weak 
moderate 
strong 
class 
vf very fine 
f fine 
m medium 
t thin 
vt very thin 
type of structure 
pi platy 
gr granular 
sbk subangular blocky 
abk angular blocky 
m massive 
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vlously Indicated. 
As most of the soil profiles developed in the Indian 
mounds had weakly expressed color and structurel B horizons 
and lacked textural B horizons, the incipient nature of the B 
horizons were recorded by the use of horizon designations 
enclosed by parentheses. These soils probably should be 
classified with the Sol Brun Acide great soil group described 
by Baur (3) as evidenced by the morphology of the mound pro­
files . These soils would not be classified as Gray Brown 
Podzollc, since they lack textural B horizons. 
Particle Size Analyses 
Results of the laboratory determination for mechanical 
composition of the profiles studied are given in Figures 11 
and 12 and Table 5. Each datum point represents an average of 
two determinations. As previously indicated, the outstanding 
feature of Gray Brown Podzollc soils is the distribution of 
clay with depth. The Fayette soils concerned in this study 
exhibit a smooth clay curve which decreases from the A^ hor­
izon to the Ag horizon, and then gradually increases to a 
maximum in the Bgg horizon. The clay content then decreases 
slightly with depth to the parent material. Assuming that 
the clay distribution was initially uniform with depth, this 
type of clay distribution curve is highly indicative of clay 
eluviation, particularly since the A horizon is lower in clay 
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than the C horizon. If the C horizon contained a lower clay 
percentage than the A, or if the two clay contents were nearly 
equal, weathering of clay in place in the solum plus trans­
location of clay from A to B would appear the most likely 
reason for the occurrence of clay in the B horizon. 
Figures 11 and 12 and 15 and 16 indicate an excellent 
relationship between the distribution of clay and exchange­
able bases. The clay content of the A^ horizon in the Fayette 
series is slightly greater than the clay percentage of the Ap 
horizon. This possibly may result from the flocculation of 
clays by divalent bases added to the A^ by the decomposition 
of deciduous leaf litter high in bases. The A<? represents 
a horizon of catlonic eluviatlon as veil as clay eluviatlon. 
Eluviatlon of the divalent bases precedes clay translocation 
and, with the loss of bases, the clays are deflocculated or 
dispersed and washed downward by percolating water. In the 
B horizon, with increasing amounts of exchangeable bases, the 
clays are again flocculated and precipitated, giving rise to 
a horizon of clay illuviation In the solum (21). The with­
drawal of water by plants may facilitate this process by con­
centrating the sols in suspension. Evidences of illuviated 
clays will be further considered In the discussion of the 
thin sections and their significance. However, the clay dis­
tribution with depth in the Fayette series clearly indicates 
that the texture of the Bg horizon exceeds the texture of the 
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Ag by a textural grade. 
As the parent material for the Fayette soils is loess, 
which consists of predominantly silt-size particles, the soils 
derived from the loess contain a high percentage of silt. 
The distribution of coarse and fine silt with depth is shown 
in Figures 11 and 12. Percentages of silt average about 68 
percent and remain fairly constant with profile depth indicat­
ing that much of the silt has been inherited from the loess 
parent material rather than weathered from the sand fractions. 
As indicated by Smith (50), the sand contents in loess may be 
quite high near the loess source. The Fayette profile, Site 
I, contains as much as 18.3 percent sand. Presuming that the 
Mississippi River may have been a source for eolian materials 
during Pleistocene glaciation, this large percentage of sand 
is not excessive, as the Fayette profile was located within 
a mile of the river valley and could easily have received in­
crements of sand from so close a source. Sand of local eolian 
origin, as a superficial deposit incorporated with the last 
Increment of loess would account for the sandy A horizons in 
some Fayette profiles. The B and C horizons could have been 
developed in loess which was deposited at an earlier period 
and did not receive sand of local origin. 
In general, the soil profiles developed in the Indian 
mounds contain large percentages of sand and small percentages 
of clay. This relationship also occurs in the upper portions, 
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especially the A^ and Ag horizons of the Fayette soils. The 
A horizons of the Fayette soils contain 10.3 to 13.5 percent 
clay, while the mound fills contain 5.9 to 24.0 percent clay. 
Sand contents are of similar magnitude for the Fayette end 
mound soils, which indicates an origin for the mound fill. 
In mechanical composition, the mound fill is Tore like the 
Fayette A horizons than either the B or C horizons. Both the 
mound fill and the Fayette A horizons have a silt loam texture 
which suggests the mound fill may have originated from the A 
horizons of the Fayette soils on the landscape at the time of 
mound construction. Therefore, it appears that the parent 
materials for the soils developed in the mounds were the 
upper horizons of the loess-derived soils and were probably 
leached previous to mound construction. Some sand in the 
mound profiles may, of course, be a result of weathering of 
sandstone fragments placed by the Indians. 
An examination of the clay distributions for the mound 
profiles in Figures 11 end 12 Indicates a minimum clay per­
centage at depths of four inches with a gradual, but slight, 
increase with depth. This tendency is most pronounced in 
linear mound 14, bear effigy mound 73, and conical mound 12. 
It is proposed that the minimal clay content in the upper 
solum represents an Ag horizon, or horizon of clay eluviatlon, 
which has formed during the time period since mound construc­
tion. It Is further proposed thet the graduel cley increese 
in depth resulted from clay illuviated from the upper solum. 
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Water which percolated, downward through the mound fill would 
be considerably slowed at the contact between the fill and 
the buried B horizon beneath the mound. Clay in suspension 
could then be precipitated 9s the matrix dried and additional 
Increments of clay accumulated by mechanical impediment. 
Therefore, the B horizon would generate from the bottom up­
wards over tirr.e and the older the Indian mound, the greater 
would be the expression of an Ag and a B horizon. Beer effigy 
mound 81 could then be considered of lesser age than, for 
Instance, linear mound 14, as mound 81 shows little textural 
differentiation, while mound 14 displays more pronounced Ap 
and B horizons. Mound 2 exhibited a pronounced Ap horizon 
with well developed platy structure, but does not seer1 to have 
an Ag or B horizon according to the clay distribution diagrams. 
Perhaps the presence of the burial crypt at a shallow depth 
impeded the development of a B horizon by allowing water per­
colation end clay translocation through the crypt to a depth 
not sampled. 
The amount of B horizon removed by the Indians at the 
mound sites is shown by the clay distribution at levels below 
the mound fill. An examination of these data shows a simi­
larity between the clay distribution In the Fayette series 
and the distribution of clay under mound 81. The B^ horizon 
of the Fayette soil contained 20 percent clay at a depth of 
13 to 15 inches. Downward from this point the Fayette clay 
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curve closely resembles the curve for mound 81 et a depth of 
30 to 48 inches. This relationship suggests that only the A^ 
and Ag horizons were removed prior to mound construction, 
while the B]_ and lower horizons were undisturbed. The se­
quence of the buried Bg, and Bg horizons in mound 81 as 
indicated in the morphologic descriptions for this profile. 
On the other hand, in mound IP, as well as mound 13, 14, and 
the McCormick mound, a rather pronounced increase in clay 
occurs at the base of fill. At the time of the field investi­
gation, the writer considered that the burled soil beneath 
these mounds resembled the Bp or Bg horizons of Fayette more 
than the transitional B^ horizon. Therefore, in the descrip­
tions, the Blb horizon designation was not employed and either 
a Bgk or Bgb described as the uppermost horizon of the buried 
soil. 
In some cases, part of the B^ horizon of the Fayette 
was removed during mound construction and could have been 
incorporated with the A^  and Ag to serve as mound fill. This 
could account, in part, for textural differences found within 
the mounds in addition to textural differences resulting from 
clay translocation by pedogenic processes. The parent material 
may have been fairly heterogeneous in composition from mound 
to mound, depending on what horizons were used for fill mate­
rial. This possibility would make it difficult to evaluate 
with any great degree of certainty which soil features had 
resulted from Indian activity and which were a result of soil 
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forming processes. That is, differences in soils may not be 
entirely a result of soil formation acting over time, but a 
result of initial differences in parent material plus the 
influence of the time factor. However, thin sections may 
indicate by the distribution of clay skins, that the mound 
parent material was fairly homogeneous. If thin sections 
show no clay in the Ag horizons of mound soils, but show clay 
In the B horizons, then textural differences are probably not 
a result of Indian activity and may be attributed to the 
processes of soil formation. 
Traverses 
The results of the numerous traverses conducted in the 
study area are given in Tables 2 and 3. In order to obtain 
additional evidence concerning the origin of the mound fill 
materials, traverses were taken to measure the A horizon 
depth, or the depth to the B horizon, along several wooded 
ridges without mounds, as well as along the ridges which con­
tain the mounds. The average depth to the B horizon on the 
ridges lacking mounds was around seven inches. However, the 
traverse conducted on Point Ann above the town of McGregor 
indicates the A horizon was 4 to 6 Inches thick with an 
average thickness of 5 inches. Most of the ridge traverses 
were taken on slopes of 5 to 10 percent which were several 
hundred feet wide. In the case of the Point Ann traverse, the 
ridge was 94 feet wide and sloped off parallel to the traverse 
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direction to 130 percent. Since this ridge was obviously 
steep and narrow, the discrepancy between this traverse and 
the others could be attributed to more intense erosion along 
a ridge with such pronounced topographic features. 
The slopes on the ridge tops are generally 5 to 8 percent 
and break to 12 to 20 percent on the ridge sides. A horizon 
thickness in the immediate vicinity of the mounds was found 
to be 3 to 4 inches and increased to as much as 11 inches at 
a distance of 100 feet from the mound. For instance, the 
usual A horizon thickness is attained at a distance of 65 feet 
for the northern traverse from conical mound 12, while the 
topsoil depth remains 3 to 5 inches along the eastern traverse. 
The latter traverse approached the perimeter of another mound. 
Traverses which approached other mounds indicated no increase 
in A horizon depth. The A horizon remains quite thin in 
areas, such as the vicinity of bear effigy mound 73, where 
other mounds ere numerous. This relationship probably result­
ed from profile truncation by Indian activity due to the re­
moval of the upper horizons for use as mound fill. As sug­
gested by Shetrone (44), excavation of the subsoil for use as 
fill would be difficult with primitive tools. In areas where 
the mounds are in close proximity, more soil material was 
needed for fill per unit area and, hence, the present surface 
soils are thin. From the evidence obtained by traverses, the 
mound fill, the parent material for the mound profiles, appears 
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to have been the A horizons of the Fayette soils on the adja­
cent landscape. 
Bulk Density 
Bulk density data given in Table 4 are based on an aver­
age of two determinations. Bulk densities were 1.3 for the 
Fayette Ag horizons and increased to 1.4 in the upper B and 
1.5 in the Bg and C horizons. Had it been possible to sample 
the A]_ horizons with the Uhland sampler, bulk densities prob­
ably would have been in the vicinity of 0.9 due to the porous 
nature and light weight per volume of organic matter in A^ 
horizons. Greater bulk densities in the B horizon result from 
increased clay contents and decreased porosity. The C hori­
zon may be expected to exhibit the greatest bulk density due 
to the massive or structureless condition and low porosity of 
the parent material. As the Bg horizon is a transitional 
horizon between the B and C, one would expect the bulk density 
values to be intermediate between those of the Br> and C. 
The Bg horizons in this study have weak to moderate fine sub-
angular blocky structures and are structurely more developed 
than the massive C horizons. 
Bulk density values for the horizons of the mound fill 
ranged from 1.3 to 1.5. The majority of the horizons sampled 
have bulk densities of 1.4 which correspond to the values 
obtained for Fayette and Bg^ horizons. These values, 
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although somewhat high for fill material derived from surface 
soils, may be due to compaction and decreased porosity result­
ing from Indian activity during mound construction. The soil 
was probably compressed by the mound builders as they car­
ried and placed the fill. However, the differences in bulk 
densities are slight and could result from weighing errors 
during the laboratory analyses. In general, a definite in­
crease in bulk density occurs where the samples were taken 
from the buried soil rather than in the fill. 
Thin Sections 
The photomicrographs shown in Plates 1 to 7 indicate the 
orientation of clay skins in the mound soils as compared to 
sections taken from the Fayette soils. "Clay skins" consist 
of oriented films along ped surfaces or root channels which 
may result from the deposition of successive layers of clay 
moving down in suspension from the upper horizons. Horizontal 
thin sections were made of twelve horizons, but just one mound 
Ag was photographed, as all of the mound Ag horizons appeared 
to be quite similar when examined with a pétrographie micro­
scope. No clay skins were observed in thin sections made from 
Ag horizons formed in either the mound fill or in the Fayette 
soils. In the B horizons of the mound soils, clay films 
appear to be oriented along root channels and discontinueusly 
on ped faces. By contrast, the thin section representative of 
Plate 1. Photomicrograph of a horizontal thin section from 
the Fayette Ag horizon (Magnification lOx) 
Plate 2. Photomicrograph of a horizontal thin section from 
the Fayette Bg horizon (Note the large continuous 
yellowish-red clay skin which crosses the photo) 
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Piste 3. Photomicrograph of a horizontal thin section from 
the Ag horizon of bear effigy mound 81 
Plate 4. Photomicrograph of a horizontal thin section from 
the Ce horizon of bear effigy mound 81 
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Plate 5. Photomicrograph of a horizontal thin section from 
the B horizon of linear mound 14 
Plate 6. Photomicrograph of a horizontal thin section from 
the B horizon of conical mound 12 

Plate 7. Photomicrograph of a horizontal thin section 
from the B horizon of beer effigy mound 7-3 
9? 
1 
* . 
r 
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the Payette B horizon shows a nearly continuous, prominent 
clay film costing the ped exterior. The absence of clay skins 
in the mound Ag horizons end their presence in the B horizon 
serves as evidence that the clay skins observed have been 
translocated by water percolating through the profile, and are 
not a result of random placement of various fill materials by 
the Indians. If the latter were the case, one would expect 
to observe clay skins in the matrix of the A0 as well as in 
the B horizon. 
Some sand-size quartz grains were observed scattered 
throughout each thin section, although the majority of the 
particles were silt-size. All of the thin sections represent 
portions of larger horizontal sections taken from the Uhland 
cores. For this reason, the vertical extent of the clay films 
can not be definitely ascertained, but would probably extend 
in a continuous manner vertically, as well as horizontally 
into pores and root channels. 
Total Carbon 
Results of the total carbon analyses given in Figures 13 
and 14 represent an average of two determinations for each 
horizon sampled. The A^ horizon of the McCormick conical 
mound was not sampled because of the contamination of this 
horizon by spoil from previous excavations. The A]_ horizons 
of the mounds contained between 3 and 4 percent carbon, with 
Figure 13. Total carbon distribution in three Indian mounds 
and Fayette Site I 
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the exception of beer effigy mound 13 which contained 4.5 per­
cent. The Fayette soils contained 4.P percent and 5.6 percent 
carbon in the A^ horizon for sites I and II, respectively. 
Carbon values for all profiles decrease abruptly with in­
creasing depth and show an average of 0.9 percent for the 
deepest horizon sampled. The distribution of organic matter 
is distinctly shown by the profile descriptions. The A^ color 
was generally very dark gray (10YR3/1, moist) or very dark 
grayish brown (10YR3/2, moist) and abruptly changed In the Ap 
horizon to, for instance, pale brown (10YR5/3, moist). Or­
ganic materials as soil coloring agents were Important only 
in the A^ horizons. 
Jenny (20) considers a high organic matter content which 
decreases markedly with increasing depth as an indication of 
the formation of podzolic soils. A]_ horizons of forest-
derived soils are quite thin due to the small amount of fine 
roots annually decomposed, while the bulk of the organic 
material is added to the soil surface by leaf fall and is not 
incorporated into the soil Itself. On the basis of the carbon 
distribution which occurs in the mound soils, one may conclude 
that soil forming processes have, indeed, been active. As 
the carbon percentages and thicknesses of the A^ horizons for 
all the profiles were quite similar, as well as the carbon 
distribution with depth, one may also conclude that A^ hori­
zons form in a relatively short time, reach a maximum degree 
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of expression under the climatic conditions existing in the 
study area, and remain relatively constant with increasing 
soil age. 
Soil Reaction 
Table 7 gives the results of duplicate pH, or soil reac­
tion, determinations. With the exception of several A^ hori­
zons, all of the horizons studied had a pH of 6.0 or less. 
The Aj horizons of conical 15, linear 14, bear effigy 13, and 
bear effigy 73 had pH values of 6.9, 6.4, 7.5, and 6.6, re­
spectively . These pH values are related to the A^ horizons 
having the highest percentages of carbon and probably result 
from the incorporation of organic materials high in bases. 
While the pH values were greatest in the surface horizons, 
the most acid horizons were those immediately below the sur­
face . The acidity then slightly decreases with increasing 
depth with the exceptions of conical 2 and linear 14 which 
display a rather erratic distribution. This distribution 
corresponds to the distribution of total exchangeable bases 
and is due to the translocation of bases from upper portions 
of the profile into an acid soil material. In general, ad­
vancing soil development is accompanied by increasing soil 
acidity. The Ag horizons are the most acid horizons and, 
as they underlie the least acid A^ horizons, are indicative 
of base eluviation. The upper B horizons, although acid, are 
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Table 7. pH of seven Indian mounds and two Fayette profiles 
Horizon Depth 
designation (inches) pH 
(Fayette silt loam, Site I) 
A1 0-1 1/2 5.4 
Agi 1 1/9-5 5.6 
Agg 5-10 5.7 
10-19 5.5 
B?1 19-27 5.5 
Bgg 27-36 5.4 
B3 36-43 5.4 
C1 43-49 5.4 
(Fayette silt loam, Site II) 
A]_ 0-2 5.6 
Ag 2-9 5.0 
Bx 9-17 5.0 
Bgl 17-24 5.0 
Bgg 24—35 4.9 
Bg3 35-42 5.0 
B3 42-49 5.2 
C]_ 48+ 5.1 
(Linear mound 14) 
Ai 0-2. 6.4 
Agg 2-7 5.0 
A05 7-12 5.6 
(B) 12-23 5.5 
Bg^ 23+ 5.2 
(Conicsi mound 12) 
Ax 0-1 1/2 6.9 
Agg 1 1/2-8 1/2 5.7 
A03 8 1/2—12 5.6 
AB 12-24 5.5 
( B ) 24—3 2 5.6 
B_3b 32—38 5«6 
Cremation 5.8 
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Table 7. (Continued) 
Horizon Depth 
designation (inches) pH 
(McCormick conical mound) 
Apo 1—7 5,4 
Ap3 7-1? 5.9 
(Si) I?-?? 5.9 
(Bp) 22-33 5.4 
Bgb 33-40 5.9 
(Bear effigy mound 81) 
Ai 0-1 6.0 
(Agg) 1-4 5.9 
(Ag3) 4-10 5.6 
Cei 10-?0 5.7 
Ceg 20-27 6.1 
Ce3 27-30 6.2 
Blb 30-39 6.2 
Bgb 39-47 5.8 
Bgb 47-52 5.5 
(Bear effigy mound 73) 
Ai 0-2 6.6 
Agg 2-6 6.0 
Ag3 6-12 1/9 5.8 
B]_ 12 1/9-20 5.6 
B21 20-27 5.0 
Bpg 27—36 5.0 
B£b 36-43 5.3 
Bgb 43+ 5.0 
(Conical mound 2) 
Ai 0-1 5.8 
Agg 1—5 5.9 
Ag3 5-7 1/2 5.8 
Cel 7 1/2-12 5.8 
C:p 12-17 5.5 
Ce5 17-21 5.5 
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Table 7. (Continued) 
Horizon 
designation 
Depth 
(inches) pH 
(Bear effigy mound 13) 
0-1 1/9 
1 l/P-7 
7.4 
5.7 
5.5 
5.3 
5.3 
5.6 B3b 
7-1? 
12-19 
19-26 
26-33 
somewhat less acid than the lower B horizons which again 
indicates base translocation from the Ag to the uuper B 
horizon. 
Total exchangeable base data for the seven mound and two 
Fayette profiles are plotted with depth in Figures 15 end 16 
and given in tabular form in Tat>le 8. As previously stated, 
no data are given for the A^ horizon of the McCormick mound 
due to contamination of this horizon by spoil from previous 
excavations. The curve for the Fayette profile indicates a 
concentration of 18.7 milllequivalents in the A^ horizon, a 
marked decrease to 4.3 mllllequivalents In the Ag-^ and a 
gradual increase with depth throughout the B and C horizons. 
This distribution of bases clearly indicates cationic eluvi-
ation of bases in the Ag horizon with a replenishment of bases 
Total Exchangeable Bases 
Figure 15. Total exchangeable base distribution in three 
Indian mounds and Fayette Site I expressed in 
mi111equivalent s per 100 gr»™s of soil 
104 
MILLIEQUIVALENTS TOTAL EXCHANGEABLE BASES 
10 15 20 25 0 5 10 15 20 25 
co 
LU 
X 
o 
V 
Fayette I 
5 10 15 20 25 
Bear Effigy 81 
5 10 15 20 
Linear 14 Conical 2 
Figure 16. Total exchangeable base distribution in four 
Indian mound soil profiles expressed in 
milliequivalents per 100 grpmg of soil 
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Table 8. Total exchangeable bases, exchangeable calcium and 
magnesium, and calcium:magnesium ratios of seven 
Indian mounds and two Fayette profiles 
Horizon Total Ca/Mg 
desig- Depth exchg. bases Calcium Magnesium ratio 
nation (inches) (m.e. per 100 grams of soil) 
(Fayette silt loam, Site I) 
*21 
f 
b| 
I: 
*2 B 
B 
B 
pS" 
DX 
21 
22 
t1 
*22 
cS? 
B2b 
0-1 1/2 18.7 9.4 2.6 3.6 
1/2-5 4.8 2.3 1.4 1.6 
5-10 4.3 3.1 1.9 9.6 
10-19 9.1 6.6 2.6 9.5 
19-27 15.2 9.9 4.1 9.4 
27-36 16.5 10.1 4.9 9.1 
36-43 15.9 9.9 4.8 9.1 
43-49 18.5 10.2 5.9 9.0 
(Fayette silt loam, Site II)8 
0-2 17.3 12.3 4.3 9.9 
2-9 2.9 1.9 0.7 1.7 
9-17 4.0 9.0 1.7 1.9 
17-24 8.2 4.9 9.9 1.7 
24-35 10.9 6.9 3.6 1.9 
35-42 15.7 10.9 5.0 9.0 
42-48 16.3 10.8 5.1 9.1 
48+ 14.9 10.0 4.5 9.9 
(Linear mound 14) 
0-2 21.2 9.3 9.9 4.9 
2-7 4.1 9.2 1.3 1.7 
7-12 14.0 4.5 9.0 9.3 
12-23 11.3 4.2 3.0 1.4 
23+ 11.1 5.4 4.1 1.3 
^Samples analyzed by the Soil Survey Laboratory, Soil 
Conservation Service, U. S. Department of Agriculture, 
Lincoln, Nebraska. Survey Numbers S 59 Iowa 221. 
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Table 8. (Continued) 
Horizon Total 
desig- Depth exohg. bases Calcium Magnesium Ca/Mg 
nation (inches) (m.e. per 100 grams of soil) ratio 
A1 
A 2 2  
(B) 
B3b 
A22 
III 
B2b 
ib 
% el 
Se2 
ge3 
Blb 
B2b 
B3b 
A22 
if 
b| s 
B lb 
B2b 
(Conical mound 1?) 
0-1 1/2 25.4 13.6 6.9 2.0 
1/2-8 1/2 4.7 2.6 2.2 1.9 
1/2-12 6.0 3.1 1.8 1.7 
12-24 4.6 2.7 1.9 1.4 
24-32 6.9 3.4 2.4 1.4 
32-38 19.8 11.4 5.9 1.9 
(McCormick conical mound) 
1-7 3.3 2.1 1.1 1.9 
7-1? 2.9 1.4 1.5 0.9 
12-22 5.3 2.4 2.3 1.0 
9 2—33 4.8 2.7 2.0 1.4 
33-40 18.1 8.3 6.0 1.4 
(Bear effigy mound 81) 
0-1 20.7 15.8 9.4 6.6 
1-4 8.1 3.3 1.7 1.9 
4-10 6.1 4.3 1.2 3.6 
10-20 7.3 2.4 3.1 0.7 
20-27 7.7 6.3 0.9 7.0 
27-30 9.6 7.5 1.4 5.4 
30-39 13.5 9.7 3.2 3.0 
39-47 18.3 11.3 3.6 3.1 
47-52 18.0 12.7 4.1 2.9 
(Bear effigy mound 73) 
0-2 25.6 16.1 3.4 4.7 
2-6 7.3 5.0 1.2 4.9 
6-12 1/2 7.6 5.1 1.7 3.0 
1/2-20 7.6 4.0 2.2 1.8 
20-27 5.9 3.7 1.8 2.1 
27-36 6.4 3.4 1.9 1.8 
36-43 7.4 4.6 2.2 2.1 
43+ 16.4 8.3 4.6 1.8 
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Table 8. (Continued) 
Horizon Total 
desig- Depth exchg. bases Calcium Magnesium Ca/Mg 
nation (inches) (m.e. per 100 grams of soil) ratio 
(Conical mound 9) 
A1 
-e3 
A1 
a 2 2  
il 
B3b 
0-1 15.3 6.9 9.4 2.9 
1-5 14.6 4.6 1.8 2.6 
5-7 1/2 3.8 2.2 1.4 1.5 
1/2-12 5.1 3.0 9.1 1.4 
12-17 5.0 9.0 9.9 0.7 
17-21 4.4 9.0 2.4 0.8 
(Bear effigy mound 13) 
0-1 1/2 28.1 90.9 9.9 7.0 
1/2-7 4.7 3.6 1.1 3.3 
7-12 4.3 2.9 1.1 9.6 
12-19 5.2 3.8 1.4 9.7 
19-26 9.3 6.2 2.4 9.6 
26-33 14.3 8.0 4.5 1.8 
by nutrient cycling in the A^ horizon when compered with the 
base status of the parent material. Bases withdrawn from the 
profile by vegetation are added to the surface soil by decom­
position of base rich organic matter. In the A-^ horizons of 
the profiles studied, base addition must exceed base deple­
tion because the A^ horizon overlies an Ag horizon of base 
depletion and, if bases were lost faster than they were re­
plenished In the A]_, the A^ horizon would contain amounts of 
bases similar to the amounts found in the Ag horizon. In the 
Ag horizon, smaller increments of organic materials are added 
and base removal exceeds the rate of base enrichment. Ex-
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changeable bases In the colloidal system are replaced by hydro­
gen ions from acids produced by the decomposition of organic 
materials and from carbonic acid which results from the com­
bination of water and carbon dioxide produced by root respi­
ration. The bases are then translocated downward in the pro­
file by percolating water and acidity develops in the solum 
(42). 
Although the loess parent material was calcareous (42) 
when deposited, the free carbonates of a Cg horizon were not 
encountered during the field studies and the base status of 
any horizon of the two Fayette profiles was not high enough 
to produce a pH near 8.2. Water percolating through the 
solum, parent material, and brecciated limestone bedrock 
apparently has resulted in considerable base depletion in 
the solum and parent material. 
All A^ horizons of the mound profiles exhibited amounts 
of exchangeable bases very similar in magnitude to, and in 
several cases exceeding, that of the Fayette profiles. The 
profiles, such as bear effigy 13, showed an excellent rela­
tionship between the percent carbon and exchangeable bases 
indicating that the bases were those held by organic mate­
rial. The mound profiles showed a pronounced decrease in 
bases in the Ag horizon and an increase with depth in the B 
horizon. The base distribution with depth Indicates soil 
forming processes have been active in the mounds, but to a 
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lesser extent than in the Fayette soils. This relationship 
"between the Fayette and the mound profiles exists because 
the mound parent materials were weathered nrior to mound con­
struction and the initial base and clay status for the mounds, 
therefore, was considerably less than the initial base status 
for the Fayette soils derived from calcareous loess. 
Exchangeable base data for the buried B horizons under 
the mounds closely corresponds to the data obtained for the 
equivalent horizons in the Fayette profiles. Total exchange­
able base data for the horizons developed in the mounds are 
between 5 and 10 milliequivalents per 100 grams of soil and 
correspond to values obtained for the Fayette Ap and B-j_ hori­
zons to further emphasize the origin of the mound fill. The 
relationship between the horizon sequences of the two rpofile 
types made as a result of laboratory analyses also were noted 
during the field investigations using morphologic criteria. 
Therefore, It seems probable that future interpretations for 
the sources of mound fill may be made on the bases of soil 
morphological characteristics observed in, under, and around 
the mounds. 
Calcium and Magnesium 
Data giving the calcium and magnesium distribution in the 
Indian mound soils and the Fayette profiles are presented in 
Table 8. The data for the second Fayette site was compiled by 
112 
the Soil Conservation Service laboratory at Lincoln, Nebraska. 
The distribution of calcium and magnesium closely follows the 
distribution of total exchangeable bases and approaches the 
values obtained for the latter. As a result of an abundance 
of hydrogen ions under acid conditions as well as low initial 
contents in the parent material, sodium and potassium are 
present only in the small amounts represented by the differ­
ence between the values obtained for total exchangeable bases 
end the sum of calcium and magnesium. 
The ratio of exchangeable calcium to exchangeable mag­
nesium may be used as an indicator of the degree of soil 
development as the ratio narrows with increased leeching and 
weathering (35). White (60) suggests that the ratio of cal­
cium to magnesium may also indicate differential rates of base 
renewal in different parts of the soil profile by various 
vegetational types. The ratio of calcium to magnesium is 
usually wide In the A-j_ horizon of forest-derived soils, since 
calcium returned to the soil by deciduous leaf fall is con-" 
siderably greater than that returned by grass (60). The mag­
nitude of magnesium renewal for both vegetational types is 
quite similar. Therefore, the ratio of calcium to magnesium 
would be wider in the surface horizons of forest soils than 
grass soils. 
The exchangeable calcium to exchangeable magnesium ratio 
is high in the A^ horizon for both Fayette sites, decreases 
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sharply in the Ag, and gradually increases throughout the B 
horizon. The data indicates that the first Fayette site has 
a ratio of calcium to magnesium which averages 2.5 throughout 
the solum with the exception of the Ag horizon which has under­
gone considerable calcium depletion. In genersl, the base 
status of the first Fayette site is higher than the second 
site which may result from differences suggested by Chandler 
( 10) or differences in the analyses conducted in two differ­
ent laboratories. It would seem that the first possibility is 
more probable, because the first Fayette site was located near 
bear effigy mound 81 which was also high In calcium and showed 
a very wide calcium to magnesium ratio. Chandler (10) sug­
gests that the ratio of calcium to magnesium in leaf litter 
may widely vary as a result of differences in the proportion 
of various tree species growing on a particular site. For 
Instance, both magnesium and calcium are reported to be "high" 
in the litter of hickory, while magnesium is lowest in asoen 
litter and calcium is lowest in oak litter (10). Hence, dif­
ferences in vegetation may account for differences in the cal­
cium to magnesium ratios between the two Fayette sites. How­
ever, the ratio of exchangeable calcium to magnesium may range 
from 1.8 to 3.0 with an average of 2.1 for Fayette Bg hori­
zons (35). Both of the Fayette sites are within the above 
range. 
Each of the soils developed in the mounds show a pro­
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nounced decrease In the ratio of calcium to magnesium below 
the horizon. The A^ horizon which is most influenced by 
organic materials would be expected to be rich in calcium 
under deciduous forest as suggested by White (60). Horizons 
lower in the solum, lacking a pronounced organic influence, 
which adds proportionately greater amounts of calcium than 
magnesium under deciduous forest (lO), exhibit lower amounts 
of calcium and, hence, a narrower ratio of calcium to mag­
nesium . With the exception of conical mound P, the calcium-
magnesium ratio in the mound soils is lowest in the Ag hori­
zon and increases slightly with increasing profile depth 
which indicates calcium eluviation from the Ag horizon. 
Conical mound 2 was observed during the field investi­
gations to have a structural Ag horizon, but lacked a struc­
tural B horizon. An indication of an Ag is also given by an 
examination of the calcium-magnesium data. However, the 
presence of the stone burial crypt may have permitted base and 
clay translocation below the crypt into soil which was not 
sampled in this study. Bear effigy mound 81 showed a weak 
structural Ag horizon and also lacked a structural B horizon. 
The particle size data Indicated practically no textural 
differentiation in the profile. It Is proposed that the 
higher base status of mound 81, as compared to the other 
mounds, retarded possible clay translocation and the genera­
tion of a B horizon within the period of time this mound has 
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been subjected to weathering. 
Microbial Populations 
The microbial populations of six mounds and a Fayette 
profile pre given in Table 9. In all instances, the popula­
tions ere greatest in the A-j_ horizons and decrease with in­
creasing depth in the profiles. Under the acid conditions 
prevailing in the mounds, fungi make up a proportionately 
greater part of the total population than would be expected 
in a more basic or less acidic environment. Microbial numbers 
increase with an increase in total exchangeable bases and 
indicates that fungi are less adversely affected by the acid­
ity of the environment and are more tolerant of a wide pH 
range than are bacteria. . However, total numbers of bacteria 
and actinomycetes exceed the numbers of fungi in all horizons 
studied. 
As many soil microorganisms use carbon as an energy 
source, the microbial populations correspond in all instances 
with the distribution of carbon in the profiles. No infer­
ences can be made concerning the microbial distribution as 
influenced by bulk density and soil texture and the relation­
ship to soil aeration, because analyses were not conducted to 
determine the proportion of anaerobic to aerobic micro­
organisms . 
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Table 9. Microbial populations of six Indian mounds and 
a Fayette profile 
Horizon 
designation 
B1 |i>l 
522 
If 
=! 
A22 
tlf 
B?.b 
A92 
a93 
B1 P 
a 2 2  
is 
B3b 
A22 
if3 
(B) 
B3b 
Depth 
! inches) 
Bacteria 
(xlO5) 
Actinomycetes 
(xioS) 
Fung: 
(xlOJ 
(Fayett e silt loam, Site II) 
4-7 3.4 9.4 37.0 
12-15 3.4 2.0 7.9 
90-23 — — — — — — — — — 
27-30 0.9 1.4 3.0 
38-41 0.3 0.6 10.5 
42-45 *— — •• — — — 
48-51 0.3 0.9 4.8 
(Linear mound 14) 
3-6 14.5 19.3 15.4 
8-11 4.4 19.9 17.9 
16-19 4.5 7.9 6.4 
23-26 0.9 1.8 3.8 
(Bear effigy mound 73) 
3-6 13.6 34.9 ?1.9 
8-11 3.5 10.7 3.6 
15-18 6.0 9.7 4.9 
92-25 4.0 4.4 1.5 
30-33 1.5 1.4 9.0 
38-41 1.4 0.9 1.3 
43-46 1.6 0.9 1.5 
(Bear effigy mound 13) 
3-6 8.1 15.6 92.6 
8-11 2.3 4.6 91.0 
14-17 4.3 5.1 10.8 
91-24 0.7 1.6 4.7 
96-29 0.8 1.1 1.6 
(Conical mound 12) 
3-6 7.0 19.0 45.0 
9-19 0.8 9.4 10.9 
15-18 1.5 9.1 9.4 
27-30 0.4 0.6 0.6 
32-35 0.3 0.9 0.7 
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Table 9. (Continued) 
Horizon Depth Bacteria Actinomycetes Fungi 
designation (inches) (xlO5) (xlO5) (xl03) 
(McCormick conical mound) 
op o A g p  9 - 5  1 0 . 3  9 1 . 0  
A93 8-11 3.4 19.1 9.0 
( B i )  1 5 - 1 8  0 . 8  9 . 0  3 . 4  
( B p )  9 6 - 9 9  o . ?  3 . 5  1 0 . 4  
B p b  3 3 - 3 5  1 0 . 9  0 . 7  8 . 4  
(Bear effigy mound 81) 
Ar>? 1-4 0.67 4.9 1.0 
Cel 13-16 1.05 4.3 3 . 3  
Ce p  23-96 1 . 7 5  3 . 9  4.6 
Ce3 97-30 0.13 0.7 1.0 
Blb 39-35 0.17 0.7 0.7 
Bg% 41-44 0.91 0.6 0.9 
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ARCHAEOLOGICAL INTERPRETATIONS 
As Indian mounds ere composed of soil materials, sub­
stantial contributions to the archaeologic evaluation and In­
terpretation of mounds, as well as other sites of early human 
activity, may be made by utilizing techniques available to 
soil scientists. Fill materials of Indian mounds and archa­
eologic sites in general are, in reality, parent materials for 
soils Just as geologic deposits represent parent materials 
for soil development. Parent materials are acted upon by the 
soil forming processes and with the passage of time soil pro­
files characteristic of a certain combination of climate, 
topography, and vegetation will result. 
In the case of the mounds investigated during the course 
of this study, profiles were developed which bear a morpho­
logic resemblance to soils developed under deciduous forest 
vegetation. That is, the mound soils were characterized by 
thin, dark-colored A^ horizons and pale-colored Ag horizons 
which exhibited platy structure. The B horizons were found 
to be well-drained horizons of clay and base accumulation 
with blocky peds. It may be concluded, therefore, that the 
mounds were forested during the majority of the time since 
their construction. 
A knowledge of the usual horizon sequence of the soils 
in the study area made it possible to evaluate the prepara­
tion given to the ground surface prior to mound construction. 
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Before the mounds were erected, the A horizons and, in some 
cases, part of the B horizons were removed at the site by the 
Indians and the fill materials placed upon the B horizon. 
This conclusion is founded upon the observation that the or­
ganic rich A^ horizon and the light-colored Ag horizon was 
not encountered under the mounds, while instead the yellowish-
brown, blocky B horizon occurred immediately below the mound 
fill. Traverses in the area indicated that the fill largely 
consisted of the former A horizons or topsoils from the imme­
diate vicinity. The results of the particle size analyses 
further substantiated this conclusion as the textures of the 
mound fill are similar to the textures of the A horizons of 
soils adjacent to the mounds. Presumably, the Indians con­
sidered the additional labor needed to remove the subsoil for 
use as fill more burdensome than carrying topsoil from a great­
er distance. 
The analyses of the mound soils Indicates that the soil 
reaction or pH was quite acid so that skeletal materials in­
terred In the mounds would be dissolved or at least be in a 
rather disintegrated condition. Had the soil been alkaline, 
however, the calcium and phosphorus of skeletal materials 
would not be so readily removed by percolating water. The 
carbon analyses indicated a pronounced decrease In carbon 
below the A^ horizon which would infer that no organic mate­
rials Interred with the possible burials at the sampling sites 
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persisted since mound construction other than charcoal. The 
porous nature of the silt loam fill material would allow the 
oxidation of most organic inclusions at the shallow fill 
depths noted throughout the mounds. 
In order for the horizons observed in the mounds to have 
formed, the mounds must have become stabilized by vegetation 
shortly after their construction, and erosion under forest 
would have been quite slight. Native oak-hickory forests are 
fairly open and not overly dense, so underbrush rather than 
mature trees would have been removed during the preparation of 
the mound sites. Under these conditions, the vegetation on 
the mounds would quickly become reestablished and the canopy 
of leaves above the mounds would have broken the direct force 
of raindrops and, consequently, decreased the erosive power 
of runoff water. Had the mounds been eroded to any great ex­
tent, the topsoil depths in the areas immediately adjacent to 
the mounds should be somewhat thicker then normal. However, 
no observable increased thicknesses of the topsoil were en­
countered on the traverses. The topsoil depths were actually 
less than normal due to the removal of the A horizon for use 
as mound fill. No evidence was obtained to indicate that ero­
sion on the mounds has been other than negligible. 
In the opinion of the writer the cremation encountered 
in conical mound 12 occurred in situ. It is difficult to 
imagine that the Indians could handle hickory embers suffi-
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clently hot to bake the soil In the vicinity of the burial 
to a brick-like consistence and oxidize the soil iron to a 
uniform red color. It is proposed that a few bones were cre­
mated, the embers turned to charcoal In the absence of oxygen 
after burial, and the bones, other than those found during the 
excavation, were largely dissolved in the acid soil. Wood 
which was not converted to charcoal was gradually decomposed 
with the passage of time. 
Generally, the Hopewell!an mounds typified by the conical 
configuration are considered to be older than those mounds 
erected by the Effigy Mound builders, although Beaubien (4) 
suggests the two cultures may have been contemporary during 
the late Hopewellian and early Effigy Mound period. An exam­
ination of the soil data obtained during the field and lab­
oratory phases of this study indicates that several of the 
effigy mounds exhibit greater horizon differentiation than 
some of the conical mounds. The older mounds should show more 
pronounced textural and structural development and greater 
base depletion in the upper solum than mounds of lesser age. 
On this basis, the mounds studied could be placed in order of 
increasing horizon expression as follows : l) bear effigy 81, 
2) conical 2, 3) McCormick conical, 4) bear effigy 13, 5) lin­
ear 14, 6) conical 12, and 7) bear effigy 73. The age differ­
ences between any two mounds adjacent in the above grouping 
may be slight, but considerable differences exist between the 
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soil characteristics of mound 81 and mound 73, both of which 
are effigies. As effigy mounds represent from a soils stand­
point the youngest as well as the oldest mounds, it would 
seem that no mounds representative of the classic Hopewellian 
cultural type were excavated during this study. It is pro­
posed that the mounds investigated represent the more transi­
tional period between the Hopewell and Effigy Mound cultures 
in addition to tumuli, such as mound 81, erected during the 
later part of the mound building period of Indian prehistory. 
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SUMMARY 
A study was made of seven Indian mound soil profiles in 
northeastern Iowa to determine what morphological, physicsl, 
and chemical evidences of soil development could be ascertained 
after the mound s had been subjected to soil forming processes 
over a period of more than 1000 years. Approximate ages for 
the mounds were obtained by radiocarbon dates on charcoal 
found as burial inclusions in mounds of similar antiquity in 
the area (12). Comparisons were made between the data obtain­
ed for the mound profiles and two loess-derived Gray Brown 
Podzolic profiles typical of the Fayette soils from the land­
scape adjacent to the mounds. The Fayette soils have been 
developed from loess parent materials that last increment of 
which was deposited 14,000 to 16,000 years ago. 
Several traverses taken in the area indicated the mound 
fill originated from the A horizons of the adjacent soils. 
This conclusion was substantiated by the particle size 
analyses and total exchangeable base data. The mound soils 
have been subjected to two periods of weathering - a period 
of degradation with leaching of bases and translocation of 
clay prior to mound construction and the period since mound 
construction during which the soil profiles in the mounds were 
developed. Analyses for total carbon indicated the A^ horizons 
of the mound soils were as well developed as the A^ horizons 
of the Fayette soils. Chemical and physical data presented 
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indicates soil formation has been active in the mound soils 
as evidenced by translocation of bases and clay. Thin sec­
tions of selected horizons showed some illuvisted clay present 
as coatings on ped surfaces and along root channels. Morpho­
logically, the mound profiles exhibited pronounced A^ hori­
zons, weak color and structural Ag horizons, and incipient B 
horizons. However, horizon differentiation was not expressed 
to the same extent in all the mounds. Several mounds lacked 
B horizons which indicates a diversity in mound age as recog­
nized by horizonation. Differences in profile development 
were attributed to differences in mound age and, on the bases 
of color and structural development and the absence of tex-
tural B horizons, the mound soils should probably be class­
ified as Gray Brown Podzolic intergrading to Sol Brun Acides. 
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CONCLUSIONS 
As a result of this study, it may be concluded that A^ 
horizons of soils formed under deciduous forest vegetation in 
northeastern Iowa attain a maximum degree of expression in a 
period of 1000 years or less and remain relatively constant in 
composition with increasing age. The A^ horizons of soils 
developed in the effigy mounds in 1000 years contained a sim­
ilar carbon content and exhibited the same degree of color, 
textural, and structural development as soils formed in Hope-
wellian mounds over a maximum time period of 2500 years and 
the Fayette soils which have been derived from loess deposited 
at least 14,000 years ago. A data of 2500 years represents 
the oldest mound of the Hopewell!an culture on which a radio­
carbon date has been reported. The high content of total ex­
changeable bases in all the A^ horizons may be attributed to 
the return of organic matter rich in bases which compensates 
over time for bases lost by leaching. 
The Ag horizons of the mound soils were generally a 
structural grade less developed than the Payette soils and it 
may be concluded that the platy structure of Ag horizons is 
evident in 1000 years, becomes moderately well expressed in 
the mounds within a period of 2500 years, and then would 
eventually, perhaps in another several thousand years, assume 
the strong platy morphology of the Fayette Ag horizons. 
Structural evidence within the mound Ag horizons indicates 
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that the platy character of the horizons originates in the 
upper portions of the Ag in the first 1000 years and further 
development consists of continuing formation of platy peds 
downward within the A^ with increasing soil age. The maximum 
structural development of an A0 horizon is not attained over 
a period of at least 2500 years under conditions in north­
eastern Iowa. 
Structure in the llluvlal horizons apparently does not 
form within 1000 years as evidenced in bear effigy 81, but 
within a period of 2500 years becomes as strongly expressed 
as the blocky structure formed in the B horizon of the Fayette 
soils. Fayette B horizons are thicker than the most pronounced 
mound subsoils, exhibit more pronounced continuous clay 
skins, and have larger blocky peds as a result of greater clay 
illuviation over time. Clay skins were absent in the youngest 
mounds and were well formed, but not continuous, on the peds 
of the oldest mound B horizons. Therefore, clay transloca­
tion may be evidenced by the presence of clay skins in pro­
files which are between 1000 and 2500 years of age in north­
eastern Iowa. 
pH values indicate that the acidity of the mound soils is 
equal in magnitude and distribution to the acidity of the 
Fayette soils and that pH has not been influenced by soil ages 
in excess of 1000 years. The pH is maintained relatively con­
stant over time by the cycling of bases which replace those 
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lost from the upper solum by leaching. The differences in 
bulk densities between the mound and Fayette soils were so 
small that the influence of soil age on bulk density values 
can not be evaluated. 
The distribution and total numbers of soil microorgan­
isms are related to the distribution of organic matter and 
show no relationships which may be attributed to differences 
in soil age. For profiles older than 1000 years, organic mat­
ter contents show no differences due to Increased soil age. 
The microbial population has been largely governed by the re­
cent soil environment, are readily adaptable to environmental 
changes, and are not greatly influenced by soil age. 
Within a 1000 years, the mound A horizons have attained 
total exchangeable base and clay distributions very similar 
in magnitude to those of the Fayette A horizons. However, the 
mound B horizons contain approximately one-third the bases and 
two-thirds the amount of clay as the Fayette B horizons. The 
Increase in bases and clay of the mound B horizons accumulated 
over a maximum time span of 2500 years has been rapid compared 
to the amounts of bases and clay in the Fayette B horizons 
which could have accumulated over a period of 14,000 years. 
The most outstanding development of the soils formed in 
the Indian mounds has occurred in the surface horizons of the 
profiles. Over time, the factors of soil formation have 
exerted the greatest influence upon the A horizons and the 
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translocation of bases and clay to the subsoil have greatly 
modified the initial characteristics of the original mound 
fill. The formation of soil profiles in the mounds have been 
the most pronounced during the first 1000 years, have reached 
their greatest present morphologic expression in a period of 
no more than 2500 years, and are quite similar in many re­
spects to the Fayette soils which may have developed over a 
period of 14,000 years. It may then be inferred that soil 
formation in the study area proceeds rapidly during the first 
several thousand years and then continues at a diminishing 
rate or reaches an equilibrium with the environment so that 
certain soil features, such as organic matter content, show 
no net change with increasing age. 
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APPENDIX 
13? 
Bear effigy mound 73 
Horizon 
desig­
nation 
' 22  
l23 
Depth 
(inches) Horizon morphology 
0-2 Very dark gray (10YR3/1, moist) silt 
loam; moderate very fine granular struc­
ture; friable when moist; abrupt wavy 
horizon boundary. 
2-6 Grayish brown to brown (10YR5/2 to 5/3, 
moist) silt loam; strong very thin platy 
structure; friable when moist; clear 
wavy horizon boundary. 
6-IP 1/9 Brown (10YR5/3, moist) silt loam; weak 
very thin platy structure; friable when 
moist; clear wavy horizon boundary. 
B1 12 1/2-20 
Bgl 20-27 
B22 27-36 
B]^3 36—43 
Variegated brown, pale brown, and yel­
lowish brown (10YR4/3, 5/5, and 5/4, 
moist) silt loam; moderate fine sub-
angular blocky structure; friable when 
moist; clear wavy horizon boundary. 
Brown (10YR4/3 and 5/3, moist) fine silt 
loam; moderate fine subangulsr blocky 
structure; friable when moist; clear 
wavy horizon boundary. 
Brown and pale brown (10YR4/3 end 6/3, 
moist) fine silt loam; strong fine sub-
angular blocky structure ; friable to 
firm when moist; a few discontinuous 
clay skins on ped faces; abrupt wavy 
horizon boundary. 
Yellowish brown and pale brown (10YR5/6 
and 6/3, moist) siIty clay loam; strong 
fine angular blocky structure; friable 
when moist; inclusions of massive very 
pale brown (10YR7/3, moist) silt loam 
apparently Ag horizon mixed with devel­
oped peds in the fill; clear wavy horizon 
boundary. 
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B 2b 43+ Yellowish brown (10YR5/6, moist) siIty 
clay loam; strong fine angular blocky 
structure; firm when moist; some pale 
brown (10YR6/3, moist) grainy coatings 
on ped surfaces ; abundant dark yellowish 
brown (10YR4/4, moist) clay skins on 
horizontal and vertical ped surfaces. 
Conical mound 2 
Horizon 
desig- Depth 
nation (inches) 
oo 
*22 
'23 
3/4-1/4 
1/4-0 
0-1 
1-5 
5-7 1/2 
Cel* 7 1/2-12 
Horizon morphology 
Leaf litter from white oak, hickory, and 
birch. 
Partly decomposed leaf litter. 
Very dark grayish brown (10YB3/2, moist) 
and grayish brown (10YR5/2, dry) silt 
loam; weak fine granular structure ; 
soft when dry; many fine roots and root 
holes ; abrupt wavy horizon boundary. 
Brown (10YR5/3, moist) and light yel­
lowish brown to yellowish brown (10YR6/4 
to 5/4, dry) silt loam; strong very thin 
platy structure; soft when dry; many 
small roots; clear wavy horizon boundary. 
Yellowish brown and light yellowish 
brown (10YR5/4 and 6/4, moist) and very 
pale brown (10YR7/3, dry) silt loam; 
moderate very thin platy structure; 
slightly hard when dry; vesicular; dif­
fuse wavy horizon boundary. 
Yellowish brown (10YR5/4, moist) and 
light yellowish brown and very pale 
brown (10YR6/4 and 7/4, dry) silt loam; 
massive; slightly hard when dry; vesicu­
lar; some small black concretions; 
gradual irregular horizon boundary. 
*Ce designation signifies mound fill parent materials. 
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Oe9 12-17 
Ce3 17-21 
Ue* 21+ 
Horizon 
desig- Depth 
nation (inches) Horizon morphology 
A-, 0-1 1/2 Very dark gray (10YR3/1, moist) silt 
loam; moderate very fine granular 
structure; friable when moist ; abrupt 
wavy horizon boundary. 
Pale brown (10YR6/3, moist) silt loam; 
moderate very thin platy structure; 
friable when moist; gradual wavy horizon 
boundary. 
Light yellowish brown to yellowish brown 
(10YR6/4 to 5/4, moist) silt loam; weak 
very thin platy structure; friable when 
moist; numerous light gray to very pale 
brown (10YR7/2 to 7/3, moist) grainy 
coatings on peds; clear wavy horizon 
boundary. 
Yellowish brown (10YR5/4, moist) silt 
loam; moderate very fine subangular 
blocky structure; friable when moist; 
common grainy coatings; some discon­
tinuous brown (10YR4/3, moist) clay 
skins; gradual wavy horizon boundary. 
Light yellowish brown to yellowish brown 
(10YR6/4 to 5/4. moist) and pale brown 
and light gray (10YR6/3 and 7/2, dry) 
heavy silt loam; massive; slightly hard 
when dry; some dark yellowish brown 
(10YR4/4, moist) coatings; a few small 
black concretions; gradual Irregular 
horizon boundary. 
Same as the Cep horizon. 
Stone burial crypt. 
Bear effigy mound 13 
Ag? 1 1/9-7 
A23 7-1? 
(B1)** 12-19 
^Designation signifies an unconformity created by man. 
**(Bi) indicates an incipient llluvial horizon. 
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(Bg) 19-26 Yellowish brown (10YR5/4, moist) silt 
loam; strong very fine subangulsr blocky 
structure; friable when moist; common 
pale brown (10YR6/3, moist) grainy coat­
ings on peds; abundant thin brown (lOYR 
4/3, moist) clay skins on ped surfaces; 
abrupt wavy horizon boundary. 
®3b 26-33 Yellowish brown to brownish yellow 
(10YR5/6 to 6/6, moist) sllty clay loam; 
weak fine angular blocky structure to 
massive; firm when moist; pronounced 
clay skins on vertical ped surfaces and 
along vertical fracture planes. 
Conical mound 12 
Horizon 
desig- Depth 
nation (Inches) 
A-, 0-1 1/2 
Agg 1 1/2-8 1/2 
A23 8 1/2-12 
AB 12-24 
Horizon morphology 
Very dark gray (10YR3/1, moist) silt 
loam; strong fine granular structure; 
friable when moist; numerous small 
roots; abrupt wavy horizon boundary. 
Yellowish brown (10YR5/4, moist) silt 
loam; moderate very thin platy structure; 
friable when moist; many small root 
holes; gradual wavy horizon boundary. 
Yellowish brown (10YR5/4, moist) silt 
loam; weak very thin platy structure; 
friable when moist; numerous small root 
holes; abrupt wavy horizon boundary. 
Brown (10YR4/3, moist) fine silt loam; 
weak very fine subangular blocky struc­
ture; firm when moist; common grainy 
coatings on vertical ped surfaces; abun­
dant discontinuous dark yellowish brown 
(10YR4/4, moist) clay skins on horizontal 
and vertical ped surfaces; clear wavy 
horizon boundary. 
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(B) 24-32 
B^k 32—38 
Horizon 
desig- Depth 
nation (Inches) 
ago 1/2-1/4 
A0 1/4-0 
A 2^ 0—1 
(Agg)* 1-4 
Variegated dark brown and yellowish brown 
(10YR3/3 and 5/4, moist) fine silt loam; 
moderate medium subangular blocky struc­
ture to massive; friable when moist; 
some very pale brown (10YR7/3, moist) 
silica coatings; common discontinuous 
dark yellowish brown (10YR4/4, moist) 
clay skins and organic matter coatings 
on ped surfaces; abrupt wavy horizon 
boundary. 
Yellowish brown (10YR5/6 to 5/8, moist) 
silty clay loam; weak fine subangular 
blocky structure to massive; firm when 
moist; common brown (10YR4/3, moist) 
clay skins largely on vertical ped sur­
faces . 
Included in the mound fill are several 
reddish brown (5YR5/4, moist) tubular 
areas about 1/4 inch in diameter, as well 
as numerous pieces of hickory charcoal. 
Bear effigy mound 81 
Horizon morphology 
Leaf litter from deciduous trees. 
Partly decomposed leaf litter. 
Very dark pray (10YR3/1, moist) silt 
loam; moderate fine granular structure; 
friable when moist; numerous fine roots ; 
abrupt wavy horizon boundary. 
Dark greyish brown (10YR4/2, moist) silt 
loam; week very thin platy structure in 
situ; moderate fine granular structure 
when disturbed; friable when moist; many 
small roots and root channels; gradual 
wavy horizon boundary. 
*(Agg) indicates an incipient eluvial horizon. 
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(A93) 4-10 Dark grayish brown to grayish brown 
(10YR4/P to 5/4, moist) silt loam; weak 
very thin platy structure; friable when 
moist* some faint pale brown (10YRG/3, 
moist) variegations; many small roots; 
gradual wavy horizon boundary. 
Cei 10-20 Variegated dark grayish brown (10YR4/3, 
moistJ, gray (10YR5/1, moist) to brown 
(10YR5/3, moist) silt loam; massive; 
friable when moist; few faint clay 
skins; many small root holes; gradual 
wavy horizon boundary. 
Ce2 20-2.7 Grayish brown (2.5Y5/2, moist) silt loam; 
massive, friable to firm when moist; few 
faint clay skins; some brown and dark 
grayish brown (10YR5/3 and 4/2, moist) 
variegations; seems somewhat compacted; 
many small root holes; gradual wavy 
horizon boundary. 
Ggg " 27-30 Yellowish brown (10YR5/4, moist) siity 
clay loam; massive, friable when moist; 
few faint clay skins; pale brown (10YR 
6/3, moist) and dark grayish brown 
(10YR4/?, moist) variegations; abrupt 
wavy horizon boundary. 
30-39 Yellowish brown (10YR5/4 to 5/6, moist) 
silty clay loam; moderate medium sub-
angular blocky structure; friable when 
moist; some dark yellowish brown (lOYR 
4/4, moist) clay skins; gradual wavy 
horizon boundary. 
Bgb 39-47 Yellowish brown (10YR5/6, moist) silty 
clay loam; strong medium subangular 
blocky to angular blocky structure; 
firm when moist; nearly continuous dark 
yellowish brown to yellowish brown 
(10YR4/4 to 5/4, moist) clay skins on 
horizontal and vertical ped faces; 
gradual wavy horizon boundary. 
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47-52 Yellowish brown (10YR5/4 to 5/6, moist) 
silty clay loam; moderate medium sub-
angular blocky structure; firm when 
moist ; discontinuous dark yellowish 
brown (10YR4/4, moist) clay skins large­
ly on vertical ped faces; some small 
blue-black concretions; gradual wavy 
horizon boundary. 
Cib 52+ Same as B3b horizon except for massive 
structure and very few clay skins; some 
local accumulations of yellowish red 
(5YR5/6, moist), strong brown (7.5YR5/6, 
moist) and yellow (10YR7/6, moist) iron 
stained soil materials. 
McCormick conical mound 
Horizon 
desig- Depth 
nations (inches) 
A, 0-1 
A22 1"7 
AS3 7-12 
(B^) 12-22 
Horizon morphology 
This horizon was contaminated with spoil 
from a "pot hunter's" excavation. 
Yellowish brown ( 10YR5/4, moist) silt 
loam; moderate very thin platy struc­
ture; friable when moist; some faint 
very pale brown (10YR7/3, moist) grainy 
coatings on peds; clear wavy horizon 
boundary. 
Brown (10YR4/3, moist) silt loam; weak 
very thin platy structure; friable when 
moist; abundant very pale brown (lOYR 
7/3, moist) grainy coatings on ped sur­
faces ; clear wavy horizon boundary. 
Yellowish brown (10YR5/4, moist) silt 
loam; moderate very fine and fine sub-
angular blocky structure; friable when 
moist; common grainy coatings on ped 
surfaces ; abundant discontinuous brown 
(10YR4/3, moist) clay skins most pro­
nounced on vertical ped surfaces; gradual 
wavy horizon boundary. 
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(Bg) 22-33 
Bgk 33—40 
Yellowish brown (10YR5/4, moist) silt 
loam; moderate fine subangular blocky 
structure; friable to firm when moist; 
abundant brown (10YR4/3, moist) clay 
skins mostly on vertical ped surfaces; 
very pale brown (10YR7/3, moist) silt 
loam which apparently is Ag horizon 
material representing an inclusion in the 
mound fill; abrupt wavy horizon boundary. 
Yellowish brown (10YR5/6, moist) silty 
clay loam; strong fine and medium sub-
angular blocky structure; firm when 
moist ; pale brown (10YR5/3, moist) 
grainy coatings largely concentrated on 
vertical ped surfaces ; prominent nearly 
continuous brown (10YR4/3, moist) clay 
skins on horizontal and vertical ped 
surfaces; a few small black concretions 
or stains on vertical surfaces. 
Linear mound 14 
Horizon 
deslg- Depth 
nation (inches) 
A1 0-2 
A22 2-7 
A23 7-12 
Horizon morphology 
Very dark gray (10YR3/1, moist) silt 
loam; strong very fine granular struc­
ture; friable when moist; abundant small 
roots ; abrupt wavy horizon boundary. 
Brown to yellowish brown (10YR5/3 to 
5/4, moist) silt loam; moderate very 
thin platy structure; friable when 
moist; gradual wavy horizon boundary. 
Yellowish brown (10YR5/4, moist) silt 
loam; weak very thin platy structure; 
friable when moist; gradual wavy hori­
zon boundary. 
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(B) 12-23 
B 2b 23+ 
Brown (10YR4/3, moist) fine silt loam; 
weak very fine and fine subangular 
blocky structure: friable when moist; 
some pale brown (10YR6/3, moist) grainy 
coatings; common thin dark brown V10YR3/3, 
moist) clay skins and organic matter 
coatings mostly on vertical ped sur­
faces ; abrupt wavy horizon boundary. 
Yellowish brown (10YR5/6, moist) fine 
silty clay loam; strong fine subangular 
blocky structure; firm when moist; 
abundant brown or dark brown (10YR4/3, 
moist) clay skins on horizontal and 
vertical ped surfaces; some pale brown 
(10YR6/3, moist) silt loam soil mate­
rial washed along root channels. 
Fayette silt loam: Site I 
Horizon 
desig­
nation 
oo 
l22 
Depth 
(inches) 
3/4-1/2 
1/2-0 
0-1 1/2 
Agl 1 1/2-5 
5-10 
Horizon momhology 
Litter from deciduous trees. 
Partly decomposed forest litter. 
Very dark gray (10YR3/1, moist) silt 
loam; moderate very fine granular struc­
ture; very friable when moist; abundant 
fine roots; abrupt wavy horizon boundary. 
Dark grayish brown (10YR4/2, moist) 
silt loam; strong very thin platy struc­
ture; friable when moist; common pale 
brown (10YR6/3, moist) coatings; numer­
ous roots and root channels; clear wavy 
horizon boundary. 
Brown (10YR5/3, moist) to light brownish 
gray to light gray (10YR6/2 to 7/2, dry) 
silt loam; strong very thin platy struc­
ture; friable when moist; common pale 
brown (10YR6/3, moist) coatings on ped 
faces; many fine roots; clear wavy hori­
zon boundary. 
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B1 10-19 Yellowish brown (10YR5/4, moist) silty 
clay loam; moderate fine subangular 
blocky structure; friable when moist; 
some very pale brown to light gray 
(10YR7/3 to 7/2, moist) grainy coatings 
on horizontal and vertical ped faces; 
numerous prominent dark yellowish brown 
(10YR4/4,~ moist) clay skins on ped 
faces ; clear wavy horizon boundary. 
Bgi 19-27 Yellowish brown (10YR5/4, moist) silty 
clay loam; moderate to strong fine sub-
angular blocky structure; firm when 
moist ;-some light gray (10YR7/2, moist) 
grainy coatings mostly on vertical ped 
faces; abundant prominent dark yellow­
ish brown (10YR4/4, moist) clay skins 
on horizontal and vertical ped faces; 
diffuse irregular horizon boundary. 
Bgg 27-35 Yellowish brown (lOYRo/4, moist) silty 
clay loam; strong medium angular and 
subangular blocky structure; firm when 
moist; some light gray (10YR7/2, moist) 
grainy coatings on vertical ped faces ; 
nearly continuous brown (10YR4/3, moist) 
clay skins on ped surfaces; gradual wavy 
horizon boundary. 
Bg 36-43 Yellowish brown (10YR5/4, moist) silty 
clay loam; moderate fine to medium sub-
angular blocky structure; friable when 
moist• discontinuous brown (10YR4/3, 
moist) clay skins largely on vertical 
ped faces ; common small black concre­
tions; clear wavy horizon boundary. 
43-49 Yellowish brown (10YR5/S, moist) silty 
clay loam or fine silt loam; massive; 
firm when moist; few faint clay skins 
mostly on vertical faces; common small 
black concretions. 
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Fayette silt loam: Site II 
Horizon 
desig- Depth 
nation (inches) 
A0 0-1 
0-9 
4 2-9 
B1 9-17 
Bgl 17-24 
Bgg 24—35 
Bgg 35—42 
Horizon morphology 
Partly decomposed forest litter from 
white and red oak and shagbark hickory. 
Very dark gray ( 10YR3/1, moist) silt 
loam; strong very fine granular struc­
ture; very friable when moist; abundant 
fine roots; abrupt wavy horizon boundary. 
Pale brown (10YR6/3, moist) silt loam; 
moderate to strong very thin platy 
structure; friable when moist; clear 
wavy horizon boundary. 
Brown (10YR4/3, moist) fine silt loam; 
moderate very fine subangular blocky 
structure; slightly firm when moist; 
vesicular; prominent very pale brown 
(10YR7/3, moist) grainy coatings on ped 
faces ; common thin discontinuous clay 
skins on horizontal and vertical ped 
faces ; clear wavy horizon boundary. 
Brown (10YR4/3, moist) silty clay loam; 
strong fine subangular blocky structure; 
slightly firm to firm when moist; few 
grainy gray coatings on peds; abundant 
discontinuous clay skins; clear wavy 
horizon boundary. 
Brown (10YR4/3, moist) silty clay loam; 
strong fine subangular blocky structure; 
slightly firm to firm when moist; promi­
nent continuous dark yellowish brown 
(-10YR4/4, moist) clay skins on horizontal 
and vertical ped faces; some black 
(2.5Y2/0) manganese concretions; dif­
fuse wavy horizon boundary. 
Brown (10YR4/3, moist) silty clay loam; 
strong fine subangular blocky structure; 
slightly firm to firm when moist; promi­
nent nearly continuous clay skins on ped 
faces; clear wavy horizon boundary. 
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Bg 42-48 Yellowish brown (10YR5/4, moist) silty 
clay loam; moderate fine subangular 
blocky structure to massive; slightly 
firm when moist; discontinuous dark 
yellowish brown (10YR4/4, moist) clay 
skins mostly on vertical ped faces; 
clear wavy horizon boundary. 
0j 48+ Yellowish brown (10YR5/6, moist) fine 
silt loam; massive; slightly firm when 
moist ; some clay skins prominent along 
vertical fracture planes. 
